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INTRODUCTION. 


About  two  years  ago,  while  engaged  upon  the  study  of  some 
interesting  points  in  theoretical  chemistry,'  the  compiler  of  the  fol- 
lowing tables  had  occasion  to  make  frequent  reference  to  the  then 
existing  lists  of  specific  gravities.  None  of  these,  however,  were 
complete  enoiigh  for  his  purposes,  Bottger's  work  was  too  old,  and 
not  suitably  arranged ;  and  the  tables  published  in  the  various  larger 
treatises  on  chemistry  were  lamentably  small.  Accordingly  be  pre- 
pared a  set  of  Specific  Gravity  Tables  for  his  own  private  use,  ivithou* 
view  toward  piiblication.  The  material  proved  abundant;  revisions 
and  re-revisions  became  necessary,  and,  finally,  it  seemed  to  the  writer 
advisable  to  complete. and  publish  the  tables.  And  in  the  final  revi- 
sion the  boiling  and  melting  points,  and  the  references  to  original 
papers  were  added. 

Of  course,  having  grown  out  of  the  individual  needs  of  the  com- 
piler, the  character  of  the  tables  has  been  shaped  by  the  nature  of  the 
work  upon  which  he  was  at  first  engaged.  It  was  necessary  for  him 
to  compare  the  specific  gravities  of  similar  compounds  of  the  same 
elements,  and  to  arrange  them  in  series.  In  consequence  it  will  be 
found,  on  reference  to  those  portions  of  the  tables  containing  organic 
compounds,  that  no  rigid  theoretical  arrangement  could  well  be  fol- 
lowed. It  would  be  very  well,  doubtless,  to  be  able  to  compare  at  a 
glance  the  properties  of  ethyl  and  all  its  compounds,  or  of  benzol 
and  all  its  derivatives.  But  such  an  arrangement  would  necessitate 
the  comparison  of  hydro-carbons  with  oxygenated,  chlorinated,  nitro- 
genous, or  oi^ano-metallic  bodies ;  or,  in  other  words,  the  comparison 
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of  compounds  built  up  of  dissimilar  elenients;  tluis,  however,  was 
not  the  writer's  purpose.  And  a  glance  at  the  tables  wiU  show  that 
the  arrangement  is  essentially  different.  All  the  hydro-carbons  are 
placed  together,  arranged,  as  far  as  possible,  in  regular  series,  with 
reference  to  their  chemical  relations.  So  also  all  compounds  con- 
taining carbon,  hydrogen,  and  oxygen,  united  together  without  the 
presence  of  other  elements,  and  so  on.  The  Table  of  Contents  will 
doubtless  prove  a  sufficient  key  to  the  arrangement. 

That  the  tables  are  absolutely  complete,  is  not  claimed  for  them, 
especially  as  then:  scope  is  hmited.  They  contain  no  determinations 
of  specific  gravity  for  solutions,  and  aU  such  must  be  sought  for  in 
Storer's  "  Dictionary  of  Solubilities."  And  they  contain  but  few  deter- 
minations of  natural  minerals,  most  of  the  silicates,  especiaUy,  being 
omitted.  Again,  numerous  old  determinations  of  specific  gravity  are 
left  out,  as  having  been  rendered  utterly  valueless  and  supplanted 
by  more  recent  and  more  accurate  observations.  In  short,  aU  that  is 
claimed  for  the  work  is,  that  it  forms  a  pra«ticaUy  complete  table  of 
the  specific  gravities  of  artifkial  compounds  of  definUe  consHmion:  all 
else  in  the  table  is  gratuitous.  There  are  some  determinations  of 
specific  gravities  of  natural  minerals,  chiefly  those  of  comparatively 
sunple  composition  quite  full  sets  of  observations  for  most  of  the 
chemical  elements,  and  a  good  number  of  determinations  for  the  lead- 
mg  alloys.  So  with  the  boiling  points  and  melting  points;  they  have 
been  added  merely  to  supplement  the  specific  gravities:  but  as  far  as 
the  table  claims  thoroughness,  it  will  be  found  complete.  Up  to  June 
1, 1871,  little  has  been  omitted,  except  in  the  cases  mentioned  above. 

There  is  one  obvious  objection  to  the  method  of  arrangmg  deter- 
minations of  physical  constants  in  tables.  Details  cannot  be  given. 
In  many  cases  there  are  important  questions  of  detail  to  be  considered. 
How  was  a  determination  made?  How  was  the  material  obtained? 
And  if  several  isomers  are  grouped  under  one  name— as  for  instance 
the  several  butyl  alcohols,  or  the  isomeric  bodies  knoivn  as  cumol— 
which  one  is  meant  when  a  specific  gravity  is  given?    All  these  ques- 
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tions  cannot  be  easily  answered  in  a  talile  of  this  sort.  In  order  to 
relieve  this  difficulty,  the  references  to  original  papers  have  been  sup- 
plied. Almost  every  determination  in  the  tables  is  accompanied  by 
such  a  reference.  Some  of  these,  indeed,  are  not  direct  references  to 
the  paper  of  the  investigator,  but  to  the  "Jahresbericht,"  by  means  of 
which,  however,  the  paper  itself  can  he  found.  Some  determinations, 
nevertheless,  lack  such  references.  They  were  among  those  which 
formed  the  first  table,  compiled  for  private  use,  and  which  I  have  not 
been  able  since  to  trace  back  to  their  sources. 

In  conclusion,  a  brief  statement  of  the  extent  of  the  work  here 
presented  may  be  desirable.  The  table,  exclusive  of  its  supplement, 
contains  the  specific  gravities  of  2263  substances,  and  over  5000  deter- 
minations in  all.  There  are  over  2000  determuiationa  of  boiling  point, 
representing  1205  different  substances;  and  nearly  500  of  melting  point, 
for  326  different  substances.  In  all,  the  names  of  2572  distinct  bodies 
will  be  found  in  the  table.  The  work  may  contain  errors— especially 
errors  of  judgment  in  arranging  the  material — but  the  writer  hopes 
that  these  are  few  in  number.  And  he  feels  sure  that  all  who  have 
experienced  the  difficulties  of  preparing  such  work  for  the  press,  will 
readily  pardon  the  mistakes  which  may  have  occurred. 

F.  W.  C. 
BosTOS,  April  nth,  1373. 
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21.  ScHiFF.— "Ueber  die  specifischen  Volume  anorganischer  Verbindungen." 

Ann.  Chem.  Pharm.  108.  (1858).  21. 
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stitution und  dem  relativen  Volumen  bei  flussigen  Verbindungen." 
Sitzungsb.  Wien  Akad.  35, 18.    Second  paper ;  87.  525. 
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64.  Matthiissen. — "On  the  expansion  by  heat  of  water  and  mercury."    R.ii. 
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Each  of  the  following  tsibleB,  with  two  exceptions,  is  divided  into  five  columns. 
The  first  contains  the  Name  of  the  Substance,  the  second  its  Formula,  tlie  third 
its  Specific  Gravity,  tlie  fourth  its  Boiling  Point,  and  the  fifth  its  Melting  Point. 
From  the  Table  of  Elementary  Substances,  however,  the  column  for  formula 
is  omitted ;  and  in  the  Table  of  Alloys,  no  boiling  points  are  given.  The  au- 
ihorities  are  added  as  foot-notes  to  each  page. 

Some  abbreviations  are  necessarily  used.  In  the  first  column,  the  letter  "s." 
placed  after  the  name  of  any  substance,  shows  that  that  substance  is  a  solid, 
or  was  examined  in  the  solid  state.  The  letter  "1."  similarly  used,  stands  for 
liquid.  Thus,  "Acetic  acid.  B.,"  stands  for  soM  acetic  acid;  and  "  Chlorine.  1.," 
.for  liquefied  chlorine. 

Among  wgxnic  substancpi  tl  e  al  bre^  itions  "iso,"  and  the  Greek  letters 
alpha  or  beta  are  sometmies  apj  ended  t  j  the  name  of  a  substance.  These 
are  simph  to  distmguioh  I'iOmers  from  eich  other;  as,  for  instance,  isopropyl 
from  prop^  1  compounds  andalfla  from  bpta  xylidine. 

In  the  Specific  Gravity  column  the  letters  "s."  and  "1."  are  also  enuployed, 
and  indicate  tliat  the  determinations  to  which  they  are  appended  are  for  the 
substances  in  question  in  the  solid  or  liquid  state.  Tiie  letter  "  a."  attached  to 
a  determination  shows  the  latter  to  be  merely  approximate.  Expressions  like 
"m.  of  3,"  "m.  of  5,"  Ac,  afiised  to  a  number,  show  ii;  to  be  a  mean  of  3,  mean 
of  5,  &c.,  determinations.  And  the  abbreviations  "Precip.,"  "Artif.,"  "Cryst.," 
"Ign.,"  &c.,  stand  simply  for  the  words  precipitated,  artificial,  crystallized, 
and  ignited,  and  express  of  course  the  character  of  the  material  employed  in 
making  a  determination. 

In  the  column  devoted  to  Boiling  Points,  the  letter  "a."  is  again  used  to 
express  approximation.  Thus,  "lfiO°  a."  stands  for  about  ICO."  When  baro- 
metric measurements  are  given,  "m,m."  of  course  stands  for  millimetres. 
The  phis  and  minus  signs  are  employed  to  show  that  a  deter  mi  nation  is  a 
lU 
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little  above  or  a  little  below  accuracy.  100°+,  woiiW  mesin  a  little  more  tlian 
100°,  and  100°—,  a  little  less,  "d.,"  or  "p.d.,"  affixed  to  a  boiling  point  deter- 
mination, indicates  that  the  substance  in  question  is  either  decomposed,  or 
partly  decomposed  in  boiling. 

In  the  column  of  Melting  Points,  the  letters  "a.,"  "d,,"  and  "p.d.,"  and  the 
plus  and  minus  aigns,  are  used  precisely  as  with  the  Boiling  Points.  The 
letter  "a.,"  however,  shows  that  the  temperature  attached  is  that  at  which  the 
body  named  solidifies,  "rs."  stands  for  resolidificoiion.  Thus,  "82,°  rs.  78°" 
would  show  that  a  body  melted  at  82°,  and  resolidified  at  78.° 

In  the  lists  of  Authorities  a  variety  of  abbreviations  are  used,  to  point  out 
the  whereabouts  of  the  original  paper,  or  the  source  from  which  a  determina^ 
tion  was  obtained.  References  to  "Dana's  Mineralogy,"  "Watts'  Dictionary," 
"Streeker's  Lehrbuch,"  "Kekule's  Lehrbuch,"  and  "Weltzien's  Systematiache 
Zusammenstellung  der  Organischen  Verhindungen,"  will  of  course  be  readily 
recognized.    But  moat  of  the  abbreviations  require  detailed  explanation, 

A  single  number  appended  to  the  name  of  an  authority,  refers  to  the  list  of 
papers  accompanying  the  tables.  Thus,  "Kopp.  18,"  would  refer  to  Kopp's 
paper  numbered  18  in  the  list;  or  "  Filhol.  12,"  lo  Filhol's  paper  numbered  12. 

Two  numbers  affixed  to  a  name,  refer  to  fJie  "Jahresbericht,"  volume  and 
page.  Thus,  "Kenngott.  6.  853,"  r«fers  to  vol.  6,  p.  853  of  the  above-named 
work;  or  "Luca.  13.  98,"  to  vol.  13,  p.  98. 

The  following  abbreviations  refer  to  various  periodicals,— the  series,  (when 
necessary),  volume,  and  page,  being  always  given.  If  the  number  for  the 
aeries  be  omitted,  the  first  series  is  understood  to  be  the  one  referred  to.  The 
page  is  sometimes  that  at  which  a  paper  begins,  and  sometimes  merely  that 
upon  which  a  given  determination  is  to  be  found, 

Ann.  Phil,    "Annals  of  Philosophy." 

A.  C,  P,    "Annalen  der  Cliemie  und  Pharmacie," 

A,  C,  Phya.    "Annales  de  Chimie  et  de  Physique." 

B,  S,  C.    "Bulletin  de  la  Soci^t^  Chimique," 
Chem.  N.,  or  Chem.  News.    "Chemical  News." 
Chem.  Gaz.    "Chemical  Gazette." 

C,  E,    "  Compfea  Eendus," 

C.  S.  J.,  or  J.  C.  8.     "Journal  of  the  Chemical  Society," 
C,  S.  Mem.    "Chemical  Society'a  Memoirs," 
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D.  p.  J.,  Ding,  J,,  or  Dingler's  J.    "Dingler's  Polytcchnischcs  Journal." 

Erd.  J.    "Erdmiinn's  Journal." 

Gilb.  Ann.    "Gilbert's  Annalen." 

J.  F.  P.    "Journal  fur  Praktisclie  Clieniie." 

Mem.  Amer.  Acad.    "  Memoirs  of  the  American  Academy." 

Nich.  J.,  or  Nich.  Journ.     "Nicholson's  Journal." 

P.  A.    "Poggendorfs  Annalen."     "Erganz.  bd."  refers  to  the  "Erganzunga 

P.  IM.     "Philosophical  Magazine." 

P.  T.,  or  Phil.  Trans.    "Philosophical  Transactions." 

Q.  J.  S.     "Quarterly  Journal  of  Science." 

Sehw.  J.,  or  Schweig.  J.    "Seliweigger'a  Journal." 

S,  J.,  or  Sill.  J.    "Silliman's  American  Journal." 

Wien  Ak.    "Sitzungsberichte  der  Akademie  zu  Wien." 

Zeit.  An.  Chem.,  or  Zeit.  Anal.  Chcni,    "XeitschHft  fur  Analytisdie  Cheraie," 


.yGoogle 


SPECIFIC  GRAVITIES. 

BOILING  POINTS  AND  MELTING  POINTS, 
FOR  SOLIDS  AND  LIQUIDS. 


I.  Elementary  Substances. 


Specific  Gravity. 


Hydrogen. 
Fluorine. 
'  Chlorine. 


2.966. 

2.98-2.99,  r 
3.18718,0.- 


-33  ."6.760.111 

47.° 
45.° 


4.948. 
4.9173,  40- °3- 


4.857,  79-''6- 


I  3-944. 
1  3.9'8, 


HI."?. 
i24-°3- 
i33-°5- 


L3796.  " 
o-578,~< 


,75'-iSc.." 


1  Watts'  Dictionary. 
•  Begnault.    16.70.         [337. 
sBalard.    A.C.Phys.{21.32. 
'Liiw^-   Watts' Dictionary. 
sKerce.    45. 
•Andrews.    P. A. 75.335. 
'  Watta'  Dictionary. 
s  Gay-Luasac.      A.  C.  Phys. 
1.91.5. 


AL'THOKITIES. 

'  Billet 

>  Billet. 

1  Billet. 
1'  Billet. 
"Billet.    SM 
i<  Billet,    i 
16  Billet.    ; 
16  Billet. 

n  Billet. 


"Billet.    8.4G.  ■) 

"Billet.    8.i6. 1 

«Bunsen.    8.324. 

21  Davy.    P.T.1808.2L 

i^Gay-Lossac  aiid  Th^uard. 

Watts'  Dictionary. 
^  Regnault.    0.*3- 
a<  Schroder.    12.12. 
IS  Buiisen.    16.178. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

Boiling  Point, 

Melting 
Point. 

'  Potassium. 

O.S65,  15.= 
0.870. 

'         «              Melted. 

0.8427- 

s.  55.''4. 

'  Rubidium. 

1.52. 

38,-5. 

'  Caeaium. 

'Silver. 

10.473. 

10.43-10.47- 

10.575- 

10.4282. 

10.434. 

10.522.) 

10. 537- f 

10.482. 

10.505,  after  fusion. 

10.5665,  pressed. 

10.5532,1  precipitated 

10.6191,1  powder. 

1034." 
999." 

»      « 

10.5287,  m.of  13. 
10.5237,  m.of  4. 
10.5283,  m.of 8. 
10.468,  13.° 
10.77,  i5-°5-  Native. 

™      <'                   Melted. 

9.281.1 

'"  Thallium. 

n.86-. 
ii.S53!ica3t. 

290," 

AUTHORITIES, 


'  Gay-Lussao  and  Tli^nard. 

"Prinsepa.    P.  T.  1828.94, 

^G.  Rose.    P.  A.  73,1, 

Watts'  Dictionary. 

"Daniell.    P.T.1830.:;37. 

«G.  Eoae,    P.  A.  73.1. 

1*  Leugsdorf. 

I' G.Rose.    P. A. 73.1. 

=  Playfair  and  Joule.    U. 

»G.  Kose.    P.  A.  73.1. 

'Regnault.    9.43. 

i^Karsten.    3, 

"G.Rose.    P.  A.  73.1. 

'Bunaen.    16.178. 

I'Breitliflupt,       J.  F.  P.  U. 

*Bunaen.    16.185. 

151, 

"Porbea,    P.M,(4].  30.139. 

1  Guyton-Morveau.     Watts' 

IB  Playfair  and  Joule,    11,  \ 
"Playfair  and  Joule.    11.  J 

»PIa,vfaiT  and  Joule.   11.) 

Dictionary. 

=ipiayfair  and  Joule,    11,S 

'Ponillet.     Watla'Dict. 

a'Karmarach.  J.  F.  P.  43.193. 

""Lamy,    15,180. 

■»Bri33on.    Seen. 

"G.Rose,    P.  A,  73.1.  t 

ssDelaRive,    16.248.) 

iiBiddle,    R3I,30.15i 

'^G,  Hose,    P.  A,  73,1,5 

''De  la  Rive,    10.248,  i 

SPECIFIC  GRAVITY  TABLES. 


"  Oxygen. 
'Sulphur. 


[.9907,  roll. 
r.868,      '1 
!.o86,  flowers. 
[.898,  crystallized. 
[.927,  from  solution, 
1 .989,  crystallized. 
i,9777-2.o«x),  roll. 
2.072,  prismatic. 
2.086,  native. 
2,027,  soft. 

1,9889,  from,  fusion.) 

1.982,  prismatic. 
2.066,  native. 
2.0518,  from  solution. 


:-957. 


ioft. 


1.919,  soft. 

1,928,    '■ 

1.9;8,  prismatic. 

2.063,  fron^  solution. 
2.010,  crystallized.  ~\ 
1.913,  flowers.  >- 

1.921,  waxy.  J 


AUTHORITIES, 


*  Bookmann. 
'Gehler. 
'"  Foiitenelle. 
"  Bischof. 
"  Breithaupt. 
"  Thomson. 


r- 


15  Dumas  &  Eogct.  | 

"  Osaim.  } 

"Kaisten.    3. 1 

'*  Karaffin.    3.  / 

1"  Watts' Dictionary.  Dumas. 

*i  Marchand  and  Sclieerer. " 

J.  P.  P.  24.129. 
"1  Marchand  and  Scheerer. 

J.  F.  P.  24.129. 
"  Marcliaiid  and  Stheerer. 

J.  P.P.  24.129. 
'^  Marchand  and  Scheerer. 

J.  P.  P.  24.129. 


2' Person.     1,7S.  [313= 

!»C.J.8t.  Claire  Devillc.  1 
«C.J.8t.  Claire  Deville.  1 

365. 
"C,J.St.ClaireDeville.  1 

365. 
^  C.J.  St.  Claire  Deville.  1 

365. 
i*  C.J.  St.  Claire  Deville,  1 

365. 
™  Playlair  and  Joule.    11.  l 
SI  Playfmr  and  Joule.    11.  \ 
^'  Piay&ir  and  Joule.    11-  J 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

.    Boiling  Point. 

Melting 
Point. 

'  Sulphur.           Melted. 

I.Sol.)  E>Ltremes  of  five 
1.815,  J  determinations. 

490-°76o  m.  m. 
447-° 

ii4-°5.0cta. 
hedral. 

120."  Pris- 
matic. 

'  Selenium. 

4-3-4-32. 
4.3'- 

'        « 

4.808,  15.° 

217.° 

;•   " 

4.805.  1  crystallized 

4.796.  i  from  fusion. 

4-276. 1  30." 

4.386.  I  Ainorphous. 

4-245-  1  Red. 

4-2;.5-i  Precipitated. 

4.150. 1  Ditto,  after 

4.297. 1  heatingt0  5o.° 

4.460.  ^ 

4.509.  >  Crystallized. 

^      11 

4-700-  ) 

21      ., 

4.760.)  I5."crystallized 
4.78S.jfrom  solution. 

ss            „ 

'^M  Black.           1 

=              B 

4.26. )  Red.               r 

■«              « 

4.28.  J  Precipitated.  J 

2'  Tellurium. 

6.115. 

^ 

6.138. 

"^            ri 

6.2445.  m.of  5. 

-  : 

6-343- 
6.180. 

a.  500." 

ArXHORITIES. 


iplayfeiraiKiJoule.    11.* 

"  Scliaffgoisch. 

6.320. 

='Rathke-  J.  F.  P.  108.235. 1 

'Playfeir  and  Joule.    11.) 

"  Schaffgotscli- 

6.339. 

"Pathke.  J.  F.  P.  103-235. 

>Brodie.    J.  F.  P.  62.336. » 

"Scliafikolsch. 

6.329. 

==Rathke.  J.  F.  P.  108.235.  [ 

^Brodie-    J.  P.  P.  62.336.  f 

"Schaff(-oOch. 

6.329. 

'Regnanlt.    10.70. 

■•SchalfRotsch. 

6.329. 

"Klaproth-    A.  C.  Pliy3.  25. 

"  Schaffgbtaeli. 

6.329. 

273- 

'  Berzelins. 

"  Mitacherlieh. 

8.314. 

i"  Magnus. 

'  Boullay, 

'flMitacherlicli- 

8.314. 

"f-BerzeliUH.    P.  A- 28.392. 

'Hittorf-    4.319. 

^  Mitacherlich. 

8.3H. 

'"Schaffgotach.    6  329.) 

^  Mitsciierlich. 

8.314. 

"Lowe.    J.  F.  P.  60.163. 

-!»MitscherlicL. 

8.314, 

^  Watts'  Dictionary. 
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SPECIFIC  GRA  VITY  TABLES. 


1.6-1.8. 

2.504. 1 
2.580.  i 


■■33°3- 
1-346.  iS-°5- 


(  10.563. 


AUTHORITIES. 


iMatthiewen.   8  324.1 

"Bockmami.-I 
"Morveau.      /   ^"^ "' 

"  Playfair  and  Joule. 

11. 

•Matthiessen.   8324.^ 

"  Kuptfer     A.  C.  Pliys.  (2). 

MHudbei^.    1.71. 

•Life-BodartandJobin.  11. 

40.292. 

"Reicli.t 
™  Reich.  / 

126. 

I'C'riohton.    P.M.  16.48. 

'Caron.     13.119. 

"Herapath.    1. 

"  Streiig. 

(Matthiessen     8  324.  \ 
•  Matthiessen     8.324.  J 

I'Daniell.    34, 

5fiC.  St.  Claire  Derille 

8.15, 

I'Karateii.    3. 

^Hokraann.     13.112 

1' Playfair  and  Joule.    11.  ■) 

'opiavfair  and  Joule. 

"'1 

>  Clarke.    Gilb.  Ann.  56.28. 

!"PlByfaii- and  Joule.    11.  \ 

"  Plavfair  and  Jonle. 

11. 

WMuschenbroek.  1    q..  ,, 
"Brisson.              /   °^ 

=1  Playfair  and  Joule.    11.  J 

"Piajfeirand  Joule. 
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SPECIFIC  GRAVITY  TABLES. 


Name*. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

J  ^"'''"'"' 

1  7.110.  ]  In  grains. 
i  7.147.  i20-''4- 
(^7-277.     In  lamina. 
7.3fe,  IS." 

7,421,  16.  "8. 

176.° 

*  Chromium. 

7-3- 

6.81,  25.°  Crystallized. 

6.20.  Reduced  by  KCy. 

'  Manganese. 

6.861-7.10. 
8.03. 

!■!        " 

7.138-7.206. 

"  Iron, 

7.4839.  bar. 
7.8707.  ) 
7.865.    i 
7.788. 

:;  ■ 

7.790,  wrought. 
7.130.  Reduced  by  C. 

„      f  Electro- 
8.1393.15.5.}     i^^i,. 

7.50. 1  Reduced  by 
7.84.  J     zinc  vapor. 
[7.6305.    Wire  in  sev- 
7.6000.        eral  differ- 
7.7169.       ent  condi- 

• . 

7.7312.        tions. 
7.7433.     Hammered. 
7.998.  1  10.= 

»   ,. 

8.007.  J  Reduced  by  H. 

Kl         „ 

6.03.    Reduced  by  H. 

="     "                 Meteoric. 

7.318.    From  Guilford. 
7.82, 

''     " 

7.814. 

AUTHORITIES. 


'  (-Reich and Eiehter.17.241. 

"Bninner.    10.202. 

'\  Reich  and  Riohter.  17.241. 

;:iBSi..^T'^^'" 

Baudrimont-J.F.P.  7.288. 

3lBeichandKichter.l7.241. 

a 

Baudrimont.  J,  P.  P.  7.26S. 

'Winkler.    18.233. 

'Winkler.    20.262. 

"Brisson.    Seen. 

a 

Bandriniont.  J.  F.  P.  7.26a 

«  Bunsen. 

"  Karsten.    S. 

:{S!;S}-- 

'Wohler.    12.169. 

IS  Playfdr  and  Joule.    11. 

SLoughlin.    21.220. 

13  Smith.     Percy's  Metal- 

™Stahiachmidt.   18.255. 

'"Bachmann.  f  ^"^  "■ 

lurgy. 

'"  Dana's  Mineralogy. 

a/Ponmarfide.    2.281. 

"  Rnmler.    See  23, 

"Jolin.    P.M.2-17G. 

"  (  Pouraari?de.    2.281. 

31 

Patera.    See  23. 
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SPECIFIC  GRAVITY  TABLES. 


Mame. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

■  Kiekel. 

.807- 

.279. 

.380. 

.402. 

■477- 

.637. 

.861.1  Reduced  by 

.803.  f      hydrogen. 

.88,  4.°  Wire. 
3.975.}  Reduced  by 
3.261.  (     hydrogen. 

1.900. 

'^  Cobalt. 

8.?io. 
8.485- 
S.500. 
8.513. 
8,538. 

le      „ 

!.558. 

IS        „ 

7.718. 1  Reduced  by 

50        „ 

8.260. 1      hydrogen. 

"       1. 

8.957.Red.byH,m.ofs. 

"  Uranium. 

18.40. 
18.33- 

"  Copper. 

[  000'- 1200°. 

1207." 

M       „ 

8.895. 

8.878,  rolled.  1 

8.788,  cast.     ; 

»       a 

s»       „ 

8,83,  cast.                  ^ 

K       „ 

8.9463,  drawn.           ^ 

n       « 

8.9587,  hammered.  ) 

"       a 

8.78. 

»       « 

8,900. 

^__^. 

AUTHOKITIES. 


"I  miiluB      E  1.J.(1).5. 

"  Pouillet.  Watts'  Dictionary 

'Richter 

yxj 

^  Gnvton-Morveau.     Watts' 

"  Bra   1  tr 

Dictionary. 

'  Tourte 

8e«ll, 

^Mit    larhch 

^Hatchett.    Seell. 

1"  BerzLhua 

See  11. 

"(Brissoii. 

'»)  Brisson. 

'  f  Playfair  and  Joule.    11. 

i»T  H  Henrj 

=»tBerzeliu3. 

Seheerer. 

■'(PlaMoir  and  Joule.    IL 
"  I  Pla}  fiur  and  Joule.    11. 

3";  Berzelius. 

8  Amdlsen.    See  23. 

J.  P.P.  27.  im. 

"fEaminelsbei^.    2.282. 

"  Rammelsbers     2.282. 

"Knpffbr.     A.  C.  Pliys.  ^lij. 

!>Peli„ot     ftSsO 

"Sclirodur.     23 

^  P<.h„  t     A  C 

P.  149.128. 

^Herap-th. 

L 
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SP^CIFW  GRAVTTY  TABLES. 


Name. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Copper. 

8.667. 

8.721. 

f^^5-Uvir.,msev- 
°-^^'--    eral  different 
g^^g- J  conditions. 

8.8893,  hammered. 
8.940.  crystallized. 

1091." 

8.921,  cast. 

8.939-1 

8.949.  [  Various  sorts 

8.930.  j      of  wire. 

8.95..I 

8.952,  sheet. 

8.931,  pressed. 
8.914,  electrolytic. 

"          B 

8.428.' 

m      n 

8.483.!. Finely  divided. 

"      « 

8.360. 

'^       a 

8.SS4. 

"       a 

8.941.  Electrolytic. 

I  : 

8.934-' 

8.36?.      14-°    Finely 
8.41613.)       divided. 
8.902,  1 2.0 

"    « 

8.838,  native. 

:  ■ 

8.952-8.958. 

r  8.916. )  Electrolytic, 

8.958.  least. 
1  8.853.  1  ElcctrolyUc, 
[8.733-1  wire. 

!I          „ 

"  Ruthenium. 

i  1.0-1 1.4. 

ATITHORITIES. 


Danlell.    m. 
Mallet.    Ding.  J.  85.37S 
Kftrsteji.    3. 
Baadrimont.J.F.P.7.i 
Baudrimont.  J.  P.  P.  7.1 
Baudritnont.  J.  F.  P.  7.2Mi 
Baudrimont.  J.  P.  P.  7. 
Baudrimont.J.F.P.7. 
JIarchand  and   Sclieerei 

J.  F,  P.  27.193. 
Jlarchand  and  Scheerer. 

J.  P.  P.  27.183. 
Mareliand  and  Sclieerer. 
J.  F.  P.  27.193. 


Jlarchand  and  Scheerer. 

a'JPlavfairandJmile.    11. 

J.  F.  P.  27.193. 

"Ipiayftir  and  Joule.    11. 

Jlarchand  and   Scheerer. 

■'2|PIa\-rair  and  Joule.     11. 

J,  F.  P.  27.193. 

"IpiavfMrandJoule.    11. 

Marcliand  and   Scheerer. 

"(Plavfair  and  Jonle.    14. 

J.  F.  P.  27.193. 

"(Play&irandJouie.    14. 

Marehaiid  and   Sclieerer. 

^Schiff. 

J.  F,  P.  27.193. 

"Whitney.    12.769. 

Marchand  and   Scheerer. 

"Schroder.    23. 

J.  F.  P.  27.193. 

^  Dick.    P.M.  (4).  11.409. 

Marchftud  atid   Scheerer. 

»  Dick.    P.M.  (4).  il.-109. 

J.  P.  P.  27.103. 

"   Dick.    P.M.  (4|.  I1.40n. 

Plavfair  and  Joule.    11. 

^  Dick.    P.M.'4M1.409. 

Playfeir  and  Joule.    11. 

>3DevilleaudDebray.  12,234. 
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SPECIFIC  GRAVITY  TABLES. 


Specific  Gravity.  Boiling  Point. 


1.3-11.8. 
2.148. 


19.5,  cast. 

20.3,  ham  inered. 


0.9,  hammered. 


AUTirORITIES. 


1  Wollaston, 

iCIoad.    Schw.  J.  43.316. 

SHare.    Sill.  J.  (1).  2.305. 

•DevilleandDebray.  12.240, 

sWoUaston.   ^^^^^^,    ^^_ 

'Lowry.  >     ijonary. 

'  Lampadiua.  ) 

» Vauquelin.    See  23. 

'Cloud.    Schw.  J.  1.3C2. 

'"  Breithaupt. 

"  Beiiiieke  and  Eeinecker. 


li  ( Cock.  C.  S.  Mem.  1.101.  "^  Sickingen. 
» 1  Cock.  C,  8.  Mem.  I.IGI.  "Beraelins. 
"Breitl.iraiit.  J.  F.P.  ll.lSl.  |  i^BertMer. 
IS  Deville  and  Debray.  12.237.  """ 

I'  J  Borda,  I  See  raper 
18  i  Biirda.  by  Mar- 
is (Brisson.  >  cliand.J, 
»  \  Brissoii.  ]      P.  P.  33, 


aaa. 


"  Klaprotli. 


n  Faraday. 

ffl  E.  D.  Clarke. 

"Thomson.      J 

>rWollaston.  P.  A.  16 .IS 

i  "  1  WollaaHjn.  P.  A.  V8.1' 

jsslWollaston.  P.  A.  I6.1f 

l"iWollaston.  P.  A.  16. If 
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SPECIFIC  GRA  VITY  TABLES. 


Specific  Gravity. 


B.I,injP„i„..         "'""S 


™  Osmium. 

"  Molybdenum. 


:■=;■). 


16.634,  spongy, 

20.7732.  I  Black. 
32.8926.  I  Precipitated. 
22.0345.  J 

26.1418,  I?."?.  (?)Elact 
(  17.766,  black. 


8.68,  porous  globule. 


21.15. 

21.40. 

8.490.  8.615.  8.636. 

8.60. 

8.56,  reduced  by  K  Cy. 

17.6. 

17.22. 

17.4. 


AUTHORITIES. 


'j-Liebig.    P.  A.  17.101. 

^  (  Rose.    P.  A.  75.403. 

'JLiebig.    P.  A.  17.101. 

"  \  Rose.   P.  A.  75.403. 

''DevilleandDebray.  12.242. 

■=  (  Rose.    P.  A.  75.403. 

"DevilleandDebraT.  12.233. 

"(-Playfair  and  Joule.    11. 

*  I  Marchand.  J.  F.  P.  S3.385. 

"\  Playfeir  and  Joule.    11. 

^Debray.    11.157. 

"  1.  Playlair  and  Joule.    11. 

'  f  Hare.    Sill.  J.  (3).  2.385. 

"  Devil  !e  and  Caron.    10.359. 

"D-Elhuyart.    See  11. 

sj  Hare.    Sill.  J.  (2).  2„SB5, 

™Dev!lleaiidDebrav.  12.340. 

•(Hare.    Sill.  J.  (2).  2.365. 

"Children.    -R'atta' Diet, 

''Bncholz.    Sohw.  J.  3,1. 

"fRose.    P.  A.  76.403. 

ss  f  Eckfelt  &  Boyfi.  for  Hare. 
'•ISill.J.  (2).  2.305. 

^  Roseoe.        Cliein.     News, 

"J  Rose,    P.  A.  75.403. 

25,01. 

"(.Rose.    P.  A.  75.403. 
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SPECIFIC  GRAVITY  TABLES. 


18.26. 

17.1-17.3.  Red.byH.' 

I7.c^-i8.i2.    «     «   C. 

16.6.  ■»  Prepare. 

17.2. 

18.447, 1 7-° 
6.861. 


6.9154. 

6.86g.  6.992.  6.956. 


7.03-7.20. 
6.966-6.975,  1 


S.670. 
8,650. 
8,6355. 


8.655,11.' 
[8,54.    ) 

8.566,  W'ure. 

8.667,  3 
I  8.648,  commercial. 


AUTHORITIES. 


1  { V.  Ualar.    8.372. 

wplavfair  anil  Joule.    11. 

>»Kareten.    3. 

=  J  V.  Uslar.    8.372. 

"  Person,     1.73. 

2SB.  Wood.         Watt?"  Dic- 

"BolJey.   a.3S7. 

tionary. 

*t  Bernoulli.    13.152. 
slBemonlli.    13,152. 

■•Scliiff.    A.  C.  P.  107,59. 

«  Person.  Watts'  Didionarj'. 

"DevilleandTroost.    12.25. 

»Rudberg.    1,71. 

8  ( Zettnow.    20.218. 

i«  Daniell. 

iSDeviUeandTrcxst.    12.25. 

■'Wertheim. 

K'JIatthiessen.    13.112. 

f  1  Zettnow.    20.218. 

»  Mallet.    Dins.  J.  85..'57S. 

"  f  Schroder.    23. 
"J  Schroder.    23. 

ipiavfair  and  Joule     11. 

"Rtromever.    See  11. 

"  1  Schroder.    23. 

"Daniell.    35. 

"sPEiilrtren.    See  11. 

''  \  Schroder.    23. 

'!  Karsfen.    3. 

s'Herapath.    1. 
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SPECIFIC  GRA  VITY  TABLES. 


Nam 

e. 

Specific  Gravity. 

Boiling  Point. 

Melting; 
Point. 

'  Jlagiicsiiim 

2.24. 

1,7430.  5.° 
1.69-1.71.  i7-° 
1.75. 

=  Mcrairy. 

Solid. 

14-391- 
74,485,-60.0 
14.0,  a. 
15.19. 

;:  ■ 

Liquid. 

13.568.  15.'' 5. 
13.613.  10.' 

13.568. 

13-575- 

13,5886,  4,°) 
13.535.  26,°  i 

346.''5- 
356,°25- 

— 39-''44. 

la 

13.58S597. 

;  " 

13,5592. 
13.59599.  ■) 
13,59602,  [0,° 
13.5957S, ,) 
'3.595.0.° 

■a         „ 

13.573.  '5.° 

M           „ 

13-603,  1 2.° 

357.°25,  76om,m, 

«>         « 

13.569,  i6.''6. 

"  Nitrogen. 

**  Boron. 

2,68.     Crystallized. 

"  Phosphorus 

288." 

!S 

290.° 

AUTHORITIES, 


>  Playfeir  and  Joule.    II. 

'  Bunsen.    6,383. 

^  Kopp.    See  23. 

*  Deville  and  Caron.    10.148. 

'  Schulze, 

sBiddle.    P,  M.  30.153. 

'Kupffer&Carallo,  Seell. 

8  Joule.    13,283. 

'Crichtoii.    P.M.  16.48. 
WHeinrioh.    Schw.  J.  1.214. 
"Biddle,    P.  M.  30.152, 
"Dalton.  f|j 

"Cavendish  &  Briaaon.  l^= 


Fahrenheit.  I 

Hutchins.  t  jj^'" 

Dulong  and  Petit,  | 
(Knpffer,   A,0.Ph,va,(2). 
J      40.285.  [40.2^*5. 

(Kupftfer.   A.C,Pliya,(2). 
Blot   and    Arago.     Blot's 
"Traill  de  Physique." 
Karaten.    3. 

Kegnault.     A,  C.  Pliya. 
(2).  14,236. 

Renault.   A.  C.    Phj^s, 
(2).  14JJ36. 


A,  C.  Pliya. 

"I     (2).  14.236. 
*Kopp.    1,445. 
^  Holzmann.    13.112, 
'Regnault.    16.70, 
'Schiff. 
f  B,  Stewart. 
"WohlerandDeville.    A.  C. 

Phys.  (3),  52.63. 
I  Heinricli.  )         ,„  ,._, 
''  DalUin. 


'  Pelletier. 


Dictionary. 
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SPECIFIC  GRAVITY  TABLES. 


Formula. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Pliosi>horus.  Common. 

1.77. 
2.09. 
1.800. 

[.836-1.S40,  lO." 
1.8262-1.8265,  'o° 

1.823, 35.° 

44.''2. 

44.  "2. 

Melted. 

1.744. 

1.88,45-'' 

■^           «                   Bed. 

1.964.  io.° 
2.089-2.106,  17.° 
2. 14.)  Crystallized. 
2.23.  ST  wo  preparations. 
2.34, 15.''5.  "Metallic." 

"  Vanadium. 

5-5.  iS-° 

"  Arsenic. 

5-763- 
S.766. 

::  : 

5-763- 

5.884. 

5.7cx^5-959- 

5,672. 

5.6281. 

5.736,  native. 

I  : 

5.722-5.734.  lative. 
5.230. 

5-395.  '2-"5- 
5.726,-5.728,  14.° 

™        «                   Fused. 

5.709,  ig." 

"        "          Amorphous.  '  47io-4.7"5.'4-'' 

"''  Antimony.                          6.702. 

'''        „                                 6.712. 

s'        "                                 6.733- 

AUTHORITIES, 

1  Berzclius.    Watts'  Diction- 

"GladstoneandDale.   12.73. 

■0  Heripath      1 

nSchroiter.    1.336. 

"  Karsten     5 

'Biittger.      Watts'  Dictton- 

"SchrStter.    3.262. 

s=B[«thaupt    T  F  P  1    4  0 

"fBrodie.    5.330  and  331. 
"IBrodie.    5.330  and  331. 

wEreithaiipt    J  r  P  lllM 

'  Plavfair  and  Joule     H 

•  Person.    1.80. 

■'Hittorf.    18.130. 

''Ludwig     12183 

"Roacoe.    P.  T.  1869.  670. 

»Bette.ii]orf     20  253 

"  Brisson.      "1 

s"M-illet     B  S  C  18138 

'Kopp.    A.  C.  P.  93.129. 

"Molis. 

"Bettendnrl     20  253 

^GladstoneandDale.    12.73. 

"Stromever.  I  See  11. 

»  Bri^n         ) 

"Playfeir  and  Joule.    11. 

'1  Turner. 

"'  Hd.tLlielt         liee  11 

'"Schriitter.    1.33(1. 

«Guibourt.    J 

"Bjckmaim  ) 

=iGoogle 


SPECIFIC  QEAVITY  TABLES. 


Name. 

Specific  Gravity, 

Boiling  Point. 

Meltmg 
Poini. 

'  Aiitimoii 

6.852. 
6.860. 
6.64.6. 
6.610. 
6.7006. 
6.715- 

6.707-6.718;  I7°t02I.'' 

6.713.  H° 

6.697. 

Melted. 
Amorphous. 

6.646-6.529, 
S.74-5.83- 

450-° 

"  Bismuth 

9.67. 

9.822, 

9,800. 

9.S82, 

9.8827. 

9.831, 

9.6542. 

™        „ 

9.799,  19^,  pure. 

..    . 

9.783.  commercial. 
9.556,  after     great 

!!             II 

z68,''3. 

270.° 

■a         „ 

264.= 

:  : 

9.935,  crj'Stallized.        ] 
9.677,  quickly  cooled.! 
9.823,  12° 

•"     « 

Melted. 

9.8(1,9.756,9.905,9,721 

30             „ 

9.759.  9'7oi.9-68o. 

"  Gold. 

19.258. 

19.307,  hammered. 

as      „ 

19,3-19.4. 

AUTHORITIEa. 


'■Musehenbroek.l 

I'Muschenbroet,  1 

==  (Marcliaud&Soheerer.  J. 

'Bergmaii- 

»Mobs.                   See  U, 

"Brissoji.                See  11 
15  Leonhara. 

1     F.  P.  27.193, 
2»Riulberg.    1.71, 

■*  Breithaupt. 
•Karsten.    3. 

I'Tli^uard. 

"Berzeiiua.      See  paper 

of 

"Person.     1.72. 

^  Watts"  Dictiuuary. 

Marcliand  &  Sclietrer. 

58/ C.St. Claire Deville.  8.15. 
"Ic.St.ClaireDeville.  8,15. 

F.  P.  37.193. 

i«Herapath.    1. 

'Dexter,    10,210. 

's  Karsten.    3. 

ssHolzmann.    13.112, 

'Matthiessen,    U112, 

»  f  Marchand&Scheerer, 

J, 

»Playfairan.l  Joule.    11. 

■"Schroder.    23. 

J      F,  P,  27,193. 

»« Schroder,    23, 

■'"Watts' Dictionary. 

"  ]  Marchand&Scheerer. 

J, 

"Brisaon,    See  H, 

■'iplayfair  and  Joule.    U. 
■MGore,    13.112, 

[     F.  P.  27,193. 

;™»;}s«Eo.-=p.p». 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

•  Gold. 

fi9.3336,i7.''S- pressed. 

■9-7439-  ;,^^^iuhF='^o" 
2O.68S2.   lCxtrem=sof8(l«- 

ii9.479i-  ^^l"^""""^ 

19.4941-     "    »    ° 
19.265, 13." 

1380." 
1144.° 

'"  Carbon. 

Diamond. 

3-550- 
3.492- 
3.520. 

3-334- 
3.5. 

:  • 

Graphite. 

3-55- 

3- 529s. 

3.J3.  From  Bohemia. 

2.14. 

2.229. 

2.373- 

2.14. 
2.5. 
2.3285. 

"     „ 

„ 

2.3162. 

i 

ii     „ 

„ 

1.802. 1  20.° 

IS            „ 

„ 

1.844. )  Purified. 

^    „ 

2.25-2.26.      " 

2.585. Jfr.d-ffBremloa.liti=B 

59            „ 

M             „ 

Gas  Carbon 

..885. 

"  Silicon, 

Grnphitoidal 

2.49.  io-° 
2-493- 

AUTHORITIES. 

■  Pmnllct.                1^^^, 
'Daniell.    34.           )  ^"■ 

I'Shepard.    See  27. 

■'Pelouie.       I  Watts'     Dic- 
i<  Thomson.    (      Honary. 
"  Scliaiarik.    P.  A.  139.188. 

"Poggendorf.   RA-Ei^jana. 

bd.  1848.  363. 
»  J  Lowe.    8.297. 
"VLowe.    8.297. 
"Brodie.    12.68. 

'     G.  Rose-     P,  A.  73.1. 

«    G.Roae.    P.  A.  73.1. 
'    G  Rose     P  A.  73.1. 
8  G  Rose     P  A.  75,403. 
'Hohmann     13.112. 
"Brissnn   ■) 
"r,railn.h  [See 27. 

■sBreithaupt.  ] 
■'Kenngott,      [  See  27. 
'ORegnault.      j 
"Fuchs.    J,  P.  P.  7.353 
«  Beraelius.    A,  C.  P.  49.247. 
s^Karsteii.    3. 

"IMen^.    20.972. 
»Men^.    20.972. 
"Wohler.    9.347. 
"Harmening.    See  23. 
"  Winkler.     17.208  and  209. 

« Molia.      ) 
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Name. 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Titanium. 

'Tin. 

7.29;- 

7.378, 1 5.°S- 

s.  238." 

"    « 

7.2911,  17.° 

'    II 

7,285,    7.600,) 

I    " 

7.5565,  cast,      i 

228.° 

»    I 

7.2905. 

:: " 

7.245.7.363.7.330.7.3S8 

228,°5. 

335.° 

13       „ 

7,178,  crystallized.) 

"       <1 

7.293.  cast.               1 

'5        B 

7-3043- 

16       „ 

7,239.  7.373. 

"       11 

7.294,  13-° 

13       „ 

7.29I. 

"    "                     Melted. 

6,949.6,913,  6.940. 

*' Zirconium. 

4.IS. 

^  Aluminum. 

2.50,  cast.             1 

==          (1 

2.67,  hammered,  1 

**  Glucinum. 

2,1, 

**  Lantliftiium. 

^  Didymium. 

^  Cerium. 

5.5,12.° 

"Yttrium. 

"  Erbium. 

^  Thorium. 

7.657.  7.795. 

""  Tantalum. 

10.08-10.78. 

"Niobium. 

6.0-6.6.     1  Contains 
6-iS-7.37-t    hydrogen. 

ADTH0RITIE9. 


'Brissoii.    Seen 

"Rudberg,    1,71. 

■spiavfair  and  Joule.    11. 

Seen. 

'''  Peison.    1.71. 

20Troost,    18.183. 

'Crichtan.    P.  W 

18.48. 

"rW,  H.Miller.    P.  M.  (3). 

"_fW6hler.    7.337. 
"IWohler.    7,327. 

^Kupfibr.     A.C. 

Phys.  (2), 

22.363. 

40,385. 

"JW.H.  Miller.    P.  M,  (3). 

"Debray.    7.336, 

«  f  Herapath.    1. 
'iHerapath.    1, 

[     22.263, 

»Wf>Wer,    A.  C,  P,  144.351. 

iSRopp.    A.  C,  P,  S3,129. 

^Chydeniua.    10.194. 

"Daniell.    34, 

i«C,  St,  Claire  Deville.    8,15. 

"Rose,     9.S66, 

» Karsten.    3. 

"  Mattliiessen,    13.112, 

"  t  Marignac,     21.214. 
sUMarignac,    21,214. 

■tiplayfair  and  Joule,    11. 

"Mallet.    Ding.  J.  85,378. 

=iGoogle 


SPECIFIC  GBA  VITY  TABLES. 


II.  Fluorides.     Inoeganic. 


■- 

Melting 

Gravity. 

Point. 

Point. 

■  Hydrogen  fluoride.          1. 

HF. 

.9885,   t3.°6.1 
1,036,  i5.°5.  1 
.9932.  "■"     1 
.9879,  i^.'7-J 
1.0609. 

^  Potiissium       11 

KR 

2.454,   12-° 

'Silver 

AgF. 

5.852,  is.°s. 

"Calcium 

CaF,. 

3.183.  m.offo. 
3.1 5.  American. 
3-138- 
3.162.  Very  pure. 

'=  Barium 

BaF,. 

4.58,   13.° 

"  Aluminum      " 

A1,F^ 

1.  2.73. 

'"Arsenic  trifluoride. 

AbFj. 

63.' 

"  Fluocerite. 

Ce  F,.  Cg;  F„. 

4-7- 

"Hydro  amraonic  fluoride 

Am  H  F,. 

1.211,   12." 

"  Potasaio  titanic        « 

2,0797,   12." 

"Cryolite.           Greenland 

3  Na  F.  Al  F,. 

2.90-3.077. 

=»        „                         Miask 

2.692. 
2.95. 

"Chiolite. 

31faF.2AlF3. 

2,90. 

54             „ 

2.843.-2.898. 

'^Chodneffite. 

2NaF.  AIF3. 

3.003.-3.077. 
2.62-2.77- 

AUTHORITIES. 


■  Oore.     Phil.  Trans.  18G9. 

173. 
=  Gore.     Pliil.  Trans.  1869. 

173. 
'  Gore.     Phil.  Trans.  1869. 

173. 
'  Gore.    PWl.  Trans.  1869. 

173. 
»H.  Davy.      Phil.  Trans. 

1813.    263. 
•Bodeker,    26. 
1  Gore.    Cliem.  News,  21.28. 


eKenngott.    6.853. 
9  J,  L.  Smith.    8.976, 
'"SchifF.    21. 
"  Luca.    13.98. 


>  TTnverdnrben.    P.  A, 
"Dana's  Mineralogy. 
I'Biidelier.     26. 
isBfidekw.    26. 


1'  Dana's  Mineralogy. 

™Knkscharow.    4.820. 

!■  Diiniew.    4.820. 

**  Hermann.   J.P.  P.37.1SS 

1^  Kokaeharow.    4.820. 

2*  Rammelsberg.     P.  A.  7J 

314, 
^  Rammelsberg.     P.  A.  'i 

314. 
56 V.Worth.    Dana's  Mine: 

alogy. 


.yGoogle 


SPECIFIC  GRAVITY  TABLES. 


III.  Imorganic  Chlorides. 


1st.  ANHYDROUS    SIMPLE   CHLORIDES. 


Name. 

Formula. 

Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Hydrogen  chloride. 

HCl.                    1 

1.27. 

'Iodine  mono  chloride. 

I  a. 

25." 

'  Iodine  tri  chloride. 

ICI3. 

20^-25." 

*  Lithium  chloride. 

Li  CI.                     I 

998. 
074. 

» Sodium 

Na  CI.                   2 

030. 

078. 
150. 

DH.m.ofa. 

"        «              « 

26. 

"        .1 

<.                         2 

24. 

..    " 

« 

204.| 

'9S.J 

142.1 
207.1 

14S. 
153-1 
161. j 

I    • 

:       : 

14;. 

1629, 15." 
1543- 

'"  Potassium    " 

K  CI.                   I 

836. 

9'53- 

945- 

"        "              " 

I 

9367- 

AUTHORITIES. 


■  Watts' Dictionary. 

™  Kopp.    G. 

"(Schroder,    23. 

'Watta' Dictionary. 

"Plavfairan 

Jottle.    11. 

■'■  t  Schroder.    23. 

"Mcfis.    See 

33. 

''Buignet.    15.14. 

"Filhoi.    12 

"Stolba.    J.  F.  I'.  07.S03. 

^Schroder.    33. 

"/Deviile. 
islDeville. 

tee  23. 

"Haagen.    32. 

"Unger.    See  23. 

!ee23. 

"SKirwan. 

'  Leslie. 

is/Graasi.    1 
■nGrasai.    1 

39. 

«Karstcn.    3. 

» Hassenfratz.     A.  C 

Phvs. 

39. 

"Kopp,    5. 

2H.3. 

'"T.  S.Hunt 

8.976. 

=fi  Hassenfratz.    A,  C.  Pliys, 

•Karaten.    3. 

"Scliiff.    21. 

28.3. 
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'  Potassium  chloride. 


" Am mo mum 


='  Tiiallium  chloride. 


sesqui  chloride.!  TIj  Clj. 


Specific  Gravity.  I 


,97756.  4.° 


[.450. 

1, 5442  5' 

1.528. 

1.578.  m.  of  3. 

'■5333-4.'' 

1.500. 

1.522. 

1.550- 

■■5033-") 

1. 5191.  ^15.° 

1,5209. ) 

5.454S. 

5.129. 

5.45S2.  Fused.    "J 

5.567..  B.acl....d. 

5.501.  Uiifused.  ) 
5.548. 


5-517- 
5-5943- 


AUTHORITIES. 


1  Playfdr  and  Joale. 
spiayfidrand  Jonie. 
'Filiiol.    12. 
*ScliiiF.    21. 


6Bu!gnet.    14.15. 
'Stolba.    J.  F.  P.  97.50.'!, 
'Watteon.    See  23.      [2S.a 
9  Hassenfratst.     A.  C.  Plij'f 
"Mohs.    See  23  or  27. 
"  PlayMr  and  Jonle.    11 . 
"  Playfair  and  Joule.    14. 


"  Kopp.    5. 

"SeliifF.    21. 

'5  Biiignet.    14.1.'). 

"  (  Stolha.    J.  F.  P.  07.303. 

"  \  Stolba.    J.  P.  P.  n7.503. 

i«  I  Stolba.    J.  P.  P.  97.503. 

"Hcrapatli.  1. 

«  f  Karsteii.  3. 

"  \  Karaten.  3. 

^  t  Kaisten.  3. 


"  BouUay.    2. 

iSGmelin.    See  27. 

=8  j  Doraeyko. 

^  1  See  Dana's  Mineralogy. 

'sSdiiff-    21. 

"Schroder.    23. 

M  Watts'  Dictionary. 

31  Willm. 

"Laniy.     15.184. 

"  Watts'  Dictionary. 

"Lamy.    15.184. 
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Name. 

Formula. 

Specific 
Gravity. 

Boiling  Point 

Melting 
Point. 

'  For  compounds  of  CI  } 
and  0,  see  oxides.        J 

'  Sulphur  thloride. 

S,  CI„ 

1.687.     1. 
1.686.     1. 
i.6So2.l6?7.1.) 

1.7055-0.°     l.S 

1,6838,  zo.»     I. 

'38-° 
i39-° 

I44.° 
i36.''76om.m 

niarchand  and  Dumas  "| 

also  obtained  a  mix-  1 

Mixture 

1,625.     1- 

\'ariab!e. 

tare  which  they  sup-  ( 

near  S  CI,. 

1.62.     1. 

64.° 

posed  to  be  S  Clj.        J 

"Calcium  chloride. 

CaCl,. 

2.214,1 

2,269.; 

2,0401. 

2,480. 

2,240. 

'*  Strontium  chloride. 

Sr  C\. 

2.8033, 

"  Barium            « 

Ba  CJ,. 

3,860,] 
4,156,1 

'*       n                        «     . 

" 

"          B                                 B 

" 

3.8. 

"      ••                   " 

37037. 

3750- 

3.820. 

^      «                  -i 

3-872-1 
3-886.) 

"  Lead 

Pb  01,. 

5,29. 

5,238.  Native. 
5,6824,  Fused,! 
5-8022,  Not  •■  I 
5.802,  Cry  St. 

* 

AUTHORITIES. 

'Dumas,     A.  C.  Phys,  (2). 

»rBoullay.    2. 
'"iBouliay.    2. 

'  Maraliand.    J.  P.  r.  22,507. 

"  Katsten,    3. 

*fKopp.    17, 
"iKopp.    17. 

"  Playfair  and  Joule.    11. 

"Filhol.    12. 

'Chevrier.    C,E.  64.302. 

"Sehiff.    21. 

"Monro.    See  7. 

'Haagen.    32. 

1*  Karateii.    3. 

1  f  MarchaniJ,  J.  F,  P.22,507. 

ispilhol.    12. 

"/KaJSten.    3. 
"iK^ten.    3. 

]     Duma3,  A.C.PhyB,  (2), 

"fBoullay.    2, 
■HBoullay.    2. 

l    49.204. 

"Schabua,    3.323. 

"Eichter.    See  21. 

"ScliitI    See  23. 
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SPECIFIC  GBAVIXy  TABLES. 


Name. 

Formula.  ' 

Specific  Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Leacl  chloride.     Cryst. 

I'h  CI,. 

5,80534,  I5.° 

'Chromic  chloride. 

Cr,  CI,, 

3.03,  17.°  Cryst. 

'  Ferrous         " 

Fe  CI,. 

3.528. 

*  NickelouiS     « 

Ni  01,. 

2,56. 

■ '  Cobaltous      " 

Co  CI,. 

2.937.  m.  of  3. 

' Cuprous        " 

CuOl. 

3.6777. 
3-376. 

"  Cupric           " 

Cu  CI,. 

3-05+- 

"  PlatJnoua      « 

PtCl,. 

5,8696,  II." 

"•  Tungsten  hex  chloride. 

W  CI,. 

Zi8.° 

'  Z  nc    1  londe. 

Zn  Oj, 

2.753.  ^3-" 

'  a  gnes    m  chloride. 
"(In 

Mg  CI,. 
Cd  CI,. 

2.177.  m,  of  2. 
3.6254,  12." 

'    M                    3 

Hg  CI, 

7.'758. 

7.14- 

6,9925. 

„ 

„ 

u                           11 

n 

6.7107. 

,a             „                       „ 

6,482,  Native. 

la                 (.                                B 

„ 

7.178. 

■"              n                           « 

6.56. 

"  Jlcrcuric              " 

Hg  CI,. 

5.14. 
5,1398. 
5,43. 
5,4032. 

IS             „                                    B 

II 

295.° 

265. 

"             *                                    B 

6.223. 

«              «                                   « 

5.448.  m.  of  3. 

^  Nitrogen  trichloride. 

NCI,.   (?) 

1.653-                1- 

"  Boron              " 

BCI,. 

1.35-                  1- 

ij.^  760  m.m. 

="  Phosphorus     « 

PCIj. 

1,45-                !■ 
i.6i6i6, 0.=      I. 

78?34.75'-5'"-m 

«    :     : 

" 

78,"  763  m.  m. 
78?S.  760 m.m 

AUTHORITIES. 


'Stolba.    J.  P.  P.  97 

503. 

"Bodefeer.    26. 

"Bnnllay.    2. 

»  Hassenfratz.     A.  0.  Pliys. 

'Filho!.    12. 

28.3. 

"  Watts'  Dictionary. 

'Schiff,    21. 

» Boullay.    2. 

''Playfairaiid  Joule 

11. 

"  Karsten.    3. 

"Herapath.    1. 

™  Watts'  Dictionary. 

11. 

"Haidinger.     Dana'a  Min- 

K'Wohler&Deville. 
s'ri.  Davy.    See  17. 

«Playair  and  Joule. 

11. 

eralogy. 

1'  Plavf^r  and  Joule.    11. 

"Schiff.    21. 

9"  Dumas.    See  17,  0 

«Gmelin.    See  7.          fM-S. 

i'  Andrews    See  17, 

"  Playfeir  and  Joule. 

11. 

"  Hassenfratz.    A.  C.  Phys. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.   S 

pecific  Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Phosphorus  triuhloriJe. 

P  CI,. 

1. 
6119,0. "m,  of  2. 
59708.  IO.= 
47i24.76?'^'>f3- 
5774,  20.° 

73°8.76om.m 
i  76.°  760m.  m. 
76.°  745-9  m.m. 

'           11      pentachloride. 

pcv 

148.= 

^  Vaiiudium  dichloride. 

V  Clj.        3 

23,  18."           s. 

5         "           trichloride. 

V  CI,.        3 

00,  18."           s. 

°         "          tetrachloride 

V  Cl^.        I 
1 
1 

1.8584,0."     ) 
1.8363,8.=      \ 
1.8159,32".   J 

i54.''76om.  m. 

"  Arsenic  trichloride. 

As  Clj. 
«       1.    ? 

1.          1.      2 
<i          1.      2 

2049;,  0." 
1766. 
1668,  20.° 

132.° 
133-81.  756.9 

I28.°754m,ni. 

"  Antimony     « 

Sb  Clj. 

198.° 
230.= 

72.° 

"         "             1. 

«          1.      2 

675.  73-°  2. 

223.°  760  m.  m. 

73-2. 

''         11         pentachloride. 

Sb  CI,.          2 

3461.  20.° 

""  Bismuth  trichloride. 

Bi  Clj.       4 

56,11.= 

"  Ciirhon  dichloride. 

Cj  CI..        1 

6ig,  20.° 
649,  0.° 

123.9. 761.9  m.m 

^       <i              11 

«            1 

612,  10," 

116=7. 

"'       11        trichloride. 

C,  Cl(.           2 

0. 

182.° 

160. 

^       11        tetrachloride. 

C  CI,.         I 

78.° 

::  ■ 

:    ; 

56. 

62983,  0.= 
567.  .2.= 

77.= 
78^i.748-3m.m 

77-'' 

=9          B 

I 

5947,  20.° 

75°5'  739-4m.m 

'"Silicon  trichloride. 

Si,  Cl„.       I 

58,  0.° 

146.°--I48." 

"      "        tetrachloride. 

Si  CI.. 

52371.  o." 

50.= 

59.°  760  m.  m. 

"      11 

!    1 

4878,  20.° 

58."  756m- m- 

- 

AL'THORITIFS. 


"Pierre.    15,  or  45. 

'"Watts' Dictionary. 

»fH.  L.  Buff.    29. 

"Penny  &  Wallace.    5.382. 

^  Regnault.    A.  C.  I'liya-  (2). 

15  Haagen.    32. 

71.383. 

*  I  H,  L.  Buff.    29. 

I'Davy.    See  17. 

'^Kolbe.    A.  C.  P.  54.146. 

5  Haagen.    32. 

1'  Capitaine.    J.  P.  P.  1S.449. 

"Pierre.    15. 

1*  Eopp.    18. 

'Roafioe.    P.  T.  1869.  679. 

i»Ha^en.    32. 

ai  Haagen.    32. 

«EoECOB.    P.  T.  18G9.  679. 

»Bodeker.    26. 

^Troost&Hautefeuille.    Z. 

"Htgnault.    A.C.Phys.(2). 

P.  C.  14.331. 

i»  \  Roseoe.    P.  T.  1869.  679. 

71.363. 

"  Serullas.    See  17. 

"  1  Rosone.    P.  T.  1869.  679. 

="l>ierre.    15. 

"=  Pierre.    15.  or  45. 

"Dumas.    See  17. 

s^  deuther.    A.  C.  P.  107.212. 

""Ha^en.    32. 
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SPEGIFia  GRAVITY  TABLES. 


Boiling 

Melting 

Name. 

Gravity. 

Point. 

'  Silicon  tetrachloride. 

Si  01.. 

1.4938,  15.° 
1.49^76. 
1.50068, 10?  98. 

"  Titanium       <i 

Ti  01.. 

1.76088,0." 

'3  5-° 

'  Till  protochloride. 

Sn  CI,. 

250.' 

»    «   tetrachloride. 

Sii  01.. 

2.234.  IS-" 
2.2328,  20." 

!IS°4- 753-1  "i-»i 
i2o,V67m.m. 
lI2?S.7S2m,m 

l52,''754-gm.ni 

"  Alurainic  chloride. 

A),  C]„. 

180." 

Nb  Cij. 

240^5. 

194.° 

•^Tantalio        " 

Ta  Clj. 

241-6.  7S3n'-™ 

21I.°3- 

"Tungsten  pentachloride 

W  01,. 

275?6. 

!,S.'S.=4>.' 

"        "         hexchloride. 

2d.  HYDBATBD  SIMPLE  CHLORIDES. 




Melting 

Gravity. 

Point. 

"  Calcium  chloride. 

CaC],.6HjO. 

.680.  m.  of  2. 

»        «              « 

.635. 

™        „              « 

29.' 

"  Strontium     « 

Sr  Clj.  0  ri,  0, 

.01 5.  m.  of  2. 
.fo3. 

'Of.              « 

.921. 

»  Barium 

Ba01,.2ITsO. 

3.144.  m.  of  2. 

=s         »                « 

<i 

2.664. 

M         "                " 

3.03435.4.° 
3.052. 

AUTHORITIES. 


>  Mendelejrff    13  7. 

'"Andrews.    See  17. 

"Filliol.    12. 

'Mendelejeff    (   R.  51.97. 

I'Gerlach.    18.237. 

»Kopp-     8.44.       - 

'Mendelejeff  (') 

I'Haagen.    32. 

"Playfeir  and  Joule. 

11. 

*  Fn«del  &.  Crafts     S.  J.  (2). 

"Liebig.  Watts' Dictionary. 

"Filhol.    12. 

"De-rilleatidTroost. 

"Buignet.    14.15. 

'Pierre.    16,  or 45. 

11  Deville  and  Troost. 

"  Playfiiir  and  Joule. 

'»  Eoacoe.  Chein.  News.  25.61. 

'•Filhol.    12. 

'  Watts'  Dictionary. 

"  Eoscoe.  Chera.  Ne-ws.  25.61. 

"Piayfeir  and  Joule. 

It, 

"Pierre.    15,  or  45. 

s^Playfoir  and  Joule.    11. 

"SoMff.    21. 

'Dumaa.    See  17. 
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SPECIFIC  GRAVITY  TABLES. 


N.™. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

•  Barium  chloride. 
'  Manganous  chloride. 

Ba  CI,,  2  H,  0         3 
Mn  CI,.  4  H,  0. 

o8l. 

106.= 

87-5. 

'Ferrous              « 

FeCV  4H,0.        I 

926. 

"Cobaltous           " 
'  Cupric                « 

Co  CI,.  6  H,  0,        I 
Cu  CV  2  H,  0.        2 

937- 
84.  1 3-" 
535.m.of2. 

=  Magnesium        .. 
"  Stannous            « 

JigCVC.H-,0.        1 
SnCV  2H,0.        2 

47,  18." 
563,m.of4. 
558- 
759-    s. 

'^Flatinie                « 

:      \i 

Sn  Ci,.  4H,  0. 
Pt01..8H,0.         2 

71.15%  s. 
5876,37?7.l 

431.  >5-° 

50.' 

3d.  ANHYDROUS  DOUBLE  CHLORIDES. 
Excluding  Compounds  of  Oxyclilorides. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

"Potassium  zinc  chloride. 
"  Ammonium  zinc  chloride. 

2KCl.ZnCI,. 
2NH.C3.ZnCI,. 

2.297. 
1.879. 

"  Potassium  platincliloride. 
"Ammonium          « 

2KCl.PtCl.. 
2NH,  CI.  PtOi^. 

1.72-1.77,10° 
3.5S6,  15." 
3.694. 

2.960. 
3-546. 15." 
2.856, 15." 
3.3308, 20.= J. 

''  Potassium  iridochloride. 

'^  Ammoiiium          " 

"*  Caesium  stanno chloride. 

2KC1.  IrCI,. 
2NH.C1.  IrCl.. 

2CsCI.  SnClj. 

AUTHORITIES. 


'BuiKuet,    14.15. 

I'Filhol.    12. 

i»Bodeker.    26. 

'Watts' Dictionary. 

"  Playfair  and  Joule.    11. 

^''Tscherniuk.    27. 

"Bfldefcer.    26. 

'=  Penny.    C.  S.  J.  4.239. 1 
"Penny.    C.S.J.  4239.  J 

"(Bodeker.    26. 

'Pilhol.    12. 

''(Bodeker.    26. 

sschabus.    3.327. 

"Watte' Dictionary. 

'^Tscherraak.    27. 

«BodekerandEhIeia. 

26. 

I'Bodeker.    26. 

"Biideker.    26. 

'  Plajiair  and  Joule. 

11. 

I'Schiff.    25. 

ssBodeker.    26. 

"Bodeker.    20. 

"Schiff.    25. 

»Stolba.     Dingler's 

t.   198. 

splayfidr  and  Joule. 

11. 

"BudekerandEhlers.    26. 

225. 
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SPECIFIC  GRAVITY  TABLES. 


4tli.  HTDRATED  DOUBLE  CHLORIDES. 


11  iron  chloride, 
copper    " 


Ammonium  '- 


0  magnesium  « 
Sodium  mercury  " 
Potnseiiim       «  « 

Ammoiuum  «  « 

Potassium  tin  « 

Ammonium  tin        « 


Formula. 


2KC1.  Fe  0)5.2  HjO. 
2KC1.  CuOV  2H,0. 


2NH^Cl.CuCI,.2HjO. 


NH,C1.  Mga,.6H,0. 
NaCl.  HgClr2H,0. 
K  01.  Hg  CI,.  H,  0. 
2NH.O].2HgCl.,.H,0. 
2NH.aHgCl,.  H,0. 
2KC].  SnCljSHjO, 
2NH,Cl.SnOU.3H^O, 


5th.  OXT-  AND 

3ULPHO-CHLOBIDBS. 

Name. 

Formula. 

Specific 
Gravity, 

Boiling  Point. 

Melting  Point. 

='Thionyl  chloride, 
"  Chlorosulpburic  acid. 

SO  01,. 

1.675,  o." 

1.818,16.° 
..762. 

82.° 
78.° 
145." 
145"-!  50.° 

AUTHORITIES. 

'"Tsclieramk.    27. 

w  Plavfair  and  Joule,  "l 

"  Playfair  and  Joule.    11. 

IB  Playf^r  and  Joule,      j^ 

"Schiff.    25. 

™  Playfair  and  Joule. 

I'Kopp.    11.10. 

«  Playfiur  and  Joule. 

Buff  and  Wohler.    10.168. 

"  Tscliermak.    27. 

iSBodeker.    26, 

Playfoir  and  Joale.    11. 
Scliiff.    25. 

16  Plavfair  and  Joule.  1 
"  Playfcit  and  Joule.  / 

"H.Rose.    P.  A.  44. 231. 

"Kosenstiehl.    14.121. 

Kopp,     11.10. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

.„™.,.. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point 

'  Seleiiyl  chloride. 

Se  0  Clj, 

2.44. 

'         «              .1 

2.443.  IS-" 

I79"5-  760. 

io,°  rs,  0.^ 

'  Chlorochromic  acid. 

Cr  Oj  CIj. 

1.9134,  I0.° 
1.71,21." 
1.92,  25." 

1 18?  760'"'"'' 
ii6°8.  713 
237°S-    '"■"'■ 

'  Tungsten  oxy  chloride. 

W  0  CI, 

2iof4.s.2o6?7. 

[Foroaiive  mineral  ojychlor- 

ides.     See  Table  QfMis«[- 

lanams  Compounds.] 

'  Nitroayl  chloride. 

N  0,  01. 

1.32.  H-" 

"  Phosphoruaoxy  chloride 

P  0  Clj. 

1.673,  H-" 
1.70.  12." 
1.662,  I9.°5.f„f, 
1.6937!,  10.^  m. 
1.69106,  14.° 
1.68626,  15." 
1-64945.  5'-° 
1.509116,110.° 
1.66.        L"i-t.fs- 

no. 

"Vanadyl  dichloride.    s. 

V  0  01,. 

2.88.  13.°    s. 

'°         «         trichloride. 

V  0  Clj. 

1.764,20.° 
1.841,  I4.°S.) 

127.° 

1.836,  17.=  ;.^ 
1.828, 24.°     J 

126.= 7. 

760  m.m. 

"Carbon  oxychloride. 

C  0  CI,. 

1.432.  o-°       I 
1.392,  18.°  6. J" 

S?2. 

S3             B 

756.4  m.m. 

"^  Silicon 

Si,  0  CI,. 

136°- 139° 

''Phosphorus  sulphochlo- 

ride. 

P  S  CIj. 

!26=-127.° 

^                a                              a 

^ 

1.631.  22.' 

i26'-127.° 
124<'-125,° 

>«  Carbon 

C  8  Clj. 

1.46. 

70.° 

"Silicon 

SiACls(?) 

1.45.  iS° 

AUTHORITIES. 


MVeber.    12,91. 

„ 

H.L.  Bnff.    29. 

s'  rEmmerlingandLengvel, 

'MichslU.    Z.F.C,13.460. 

H,  L.Bufr.    20. 

J      Z.  F.  C.  13. 189. 

'Tliomson.    P.  T.  1327. 15B. 

13 

H.  L.  Buff.    29. 

^    Emnierlingand  Lengyel. 

'  Walter.     A.  0.  Phys.  (2). 

H.  L.Buff.    29. 

I     Z,  F.  C,  13. 189. 

66.337. 

19 

H.L.Buff.    29. 

"Friedd&Ladenburg.      J. 

'Thorpe.     21.226. 

P.  P.  107.  247. 

'Roscoe.         Cliem.   Nevra. 

"  Roscoe.    P.  T,  1868.  1. 

'SMitscherlich. 

25,  61. 

I'Schafarik.    J.  P.  P.  70.142. 

"Cahtlrus.    1.364. 

'R.  Miiller.   A.  C.  P.  122.1. 

"  (Roscoe.    P.  T.  1868,  1. 

"  Baudriniont.    14.115. 

8Cahoura.J.  F,  P.  45. 129. 

">  i  Roacoe.    P.  T.  ISGS.  1. 

"Kolbe.     A.  C,  P.  4S.41. 

»Wiirt2.    1.365. 

"  [  Koscoe.    P.  T.  1368.  1. 

"•Pierre,    J.  F.  P.  41.  342. 

"Meiidelqeff.    13.7. 
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SPECIFIC  an.i  VITY  TABLES. 


6th.  AMMONIO-CHLORIDES. 


■  ■  — — - — — — 

Boiling  1  Melting 

formula. 

Gravity. 

Point. 

Point. 

'  Pupureo  cobalt  chloride. 

lONH,.  Co,CV 

1.S02,  23.° 

'  Liiteo  cobalt           « 

12  N  H,.  Co,  Clj. 

J. 7016,  20.° 

'Copper  ammoiiio  «     1st. 

Cu  Clj.  2  N  H,. 

2.194. 

'      «             «            «      2d. 

CuCI,,4NIIj.U,0 

1,672. 

'  JCereury     "            « 

Hg  CI,.  N  H3. 

590." 

chloride. 

[HgjNH,)CI. 

6.858.  m.of  2 

'  Dimercurammonium 

chloride. 

Hi;,  N",  11,  CI,. 

5 -700. 

(?) 

Hg.N,  CV^ITjO. 

7.176.  m.of2 

IV.  IxoEGANic  Bromides. 
1st.   SIMPLE  BROMIDEa.    ANHYBROUS. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling  Point, 

Melting 
Point. 

*  Hydrogen  bromiilc. 
'°  Sodium              " 

HBr. 

NaUr. 

2.952. 

3,079,  I7-°S- 
3.011- 

s.-87.= 

"  rotiissiiini         " 
■«  Ammonium     « 

KBr. 

KH.Br. 

Z.415. 

2,672. 

2.690.  m.of  6. 

2-379- 

2.266.  10.° 

IS  Silver 

AgBr. 

6.3534. 
6.425.  m.of  7. 
5.S-6.02, Native 

='  Selenium         " 

SeBr. 

3.i5o4,  15-° 

AUTHORITIES. 


«Fla\iair  and  Joule.] 

"riayfaira 

id  Joule.    11. 

23.234. 

'  Playfelr  and  Joule.  \  11. 

«  Schroder. 

iGibbs&Genth.     8.  J.  (2). 

» Piayfoir  and  Joule. ) 

23.319. 

1  Faraday.    P.  T.  18*5.  155. 

i^Bodeker. 

spiayfeir  and  Joule.    11. 

wSchiff.    21. 

"Katsten. 

"Kremers.    10.67. 

sWatta'  Diotionary. 

"  Tschennak.    27. 

*>Berthier. 

"Kareten.    3. 

«  Schneider 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specilic 
Gravity. 

Boiling  Point. 

Melting 
Point. 

'  Calcium  bromide. 

Ca  Br,. 

3-32.  I'- 

'  Strontium        " 

Sr  Br,. 

3.962.  12." 

'  Barium 

Ba  Br.,. 

4.23. 

*  Lead 

Pb  Br,. 

6.6302. 

6.611,  (7?s. 

'  Cuprous          11 

Cu  Br. 

4.72,  12.° 

'  Zinc                  •> 

Zii  Br,. 

3.643.  lo-" 

'Cadmium         " 

Cd  Br,. 

4.910.) '*■ 

'*  Mercuroua       « 

HgBr. 

7-307- 

"  Mercuric          « 

Hg  Br,. 

5.9202. 

222'-223.'' 

"Boron  tribromide. 

BBrj. 

2.69.    1. 

9°"S- 

"rhoHphorus  u 

P  Br^. 

2-92489,  0.°  1. 

I75'3.  76o.2m.m, 

167.° 

'*  Arsenic          « 

As  Brj. 

3-66,  15.- 

220." 

20'-25.'' 

'*  Antimony      " 

Sb  Br^. 

270.° 

94." 

1=        (1               « 

3.641,90.°!. 

Z75''4.  760  m.  m. 

90.= 

"  Bismuth         « 

Bi  Br^. 

S.6041. 

''Carliondibromide. 

C,  Br.. 

50.° 

"  Carlton  tetrabromide. 

C  Br,. 

91." 

"  Silicon             B 

Si  Br,. 

1.  2,8[28,  0.° 

i;3?36.  762.3  m.m. 

"      u                     « 

148"-!  50.= 

s-ia-^io-ij." 

"  Titanium        « 

Ti  Br.. 

2.6. 

230.° 

39-° 

"^  Tin 

Sn  Br,. 

3.322,  39.'  1. 

™  Aluminium  bromide. 

Alj  Br,. 

265''-270.° 

go.° 

as           ^             „ 

" 

2.54. 

260.° 

93-° 

AUTHORITIES. 


lEodelter.    26. 

'!  -Wohler  &  DeviUe.    10-  94. 

"Bodeker.    26. 

^Bodelter.    2«. 

'Ticrre.    15,  ur45. 

"Lennox.    14.053. 

'Schiff.    21. 

1^  naudriraont. 

^  Bolas  and  Groves.    C.  S.  J. 

*Kai3ten.    3. 

"Serullas.     A.  C.  Piiys.  (2). 

(2).  8. 161. 

'  Kremers.    5.  397. 

33,  318. 

2*  Pierre.    16. 

«Bodeker.    20. 

"BOdeker.    26. 

»Serallfls.     A,  C.  Phys.  (2;. 

iBodeker.    26. 

"Serullas.     A.  C.  Phys.  (2), 

48.  87. 

8  r  BSdeker&Gieaecke. 
BlBodeker&Gieaecke. 

211. 

38.  318. 

"Duppa.    9.365. 

26. 

'» Kopp.    18. 

"Bodeker.    26. 

■"Karaten.    3. 

iSerallflS.     A.  C.  Phys.  (2). 

»« Weber.    10.157. 

"Karsten.    3. 

38.  318. 

23  DcviUc  &  Troost.  (?)  12.  26. 

"  Oppenheim.  Z.  F.  C.  13. 155. 
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SPECIFIC  GRAVITY  TABLES. 


2d.  HYDEATED,  DODBLB,  OXY-,  AND  SULPHO -BROMIDES. 


Name. 

Formula. 

Specific 
Gravily. 

Boiling 
Point. 

Melting 
Point. 

■  Sodium  bromide. 

Na  Br.  iS,  0. 

a.  34. 

'  Barium         « 

BaBr,.  3H,0. 

3.690. 

'  Ammonium  zinc  bro- 

mide. 

2 Nil. Br.  Zu  Br,, 

2,625,  13,= 

*  Potassium  platin  bro- 

mide. 

2  K  Br.  Pt  Br,. 

'  Silicohydric  bromide. 

Sij  n.  Br„. 

a.  2,5. 

"  Phosphorus    oxybro- 

mide. 

POBr,. 

2.822.s,orl,[?) 

195." 
193.° 

45''-46,° 

'  Vanadyl  bromide. 

V  0  Brj. 

2-9673,0,°    ?, 
2,9325.  i4"5i 

130°-!  36.° 

'"  Phosphorus    sulplio- 

2.72, 

215,' 

39-'' 

bromide. 

P  S  Bfj. 

2,85,  17.° 

" 

P  S  Brj.  H,  0. 

2.7937,  iS-^ 

35° 

V.  Inorganic  Iodides. 


1st.  SIMPLE  ANHYDBOU3  IODIDES. 


Specific  Gravity. 


"Hydrogen  iodide. 
"Sodium  n 


3'059- 
3.056. 


AUTHORITIES. 


'Playfair  and  Joule,    11. 

SfRosme. 
»lA,C,P,atli,snpp,vol,95. 

"Bonllaj.    2. 

sSthiff.    21. 

"  Kareten.    3. 

'Bodeker.    26, 

■"Baudrimont,    (?) 

"  Playfeir  and  Joule.    11. 

*Bodeker.    SR. 

i^Filhol.    13. 

sRuffandWohler.    10.169. 

"Michaelis.    A.  C.  P.  ICi.O. 

"gohiff.    21. 

'Ritter.    8,301. 

"Faraday.    P.  T.  1S45.  155, 

"Buigiiet.    14.15. 

'  Baudrimont, 

"FUhol.    12. 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Potassium  iodide. 

KI. 

3.Q81-3.077. 

'  Ammonium     « 

N  H,  I. 

2.49S,  1I.= 

'Silver 

Agl. 

5.64-5-67- 

5.504. 

5.707.  lodyrite. 

5.614. 

5.0263, 

5.500. 

5.366.  Native. 

5-35- 

5,650. 1 

5.718./ 

5.47-  10." 
5-544.  JCryst. 

"      ii                   « 

5.687.  After  fusion. 

16          „                                  « 

5.807-  0."  I'«cip. 

"  Strontium        " 

Sri,. 

4.415,  10.° 

"  Barium            « 

Ba  I,. 

4-9'7- 

"Lead 

Pb  I.,. 

6.11. 

"        l<                            u 

6.02(2. 

"     «              « 

6.384. 

"     "               " 

" 

6.07. 
6.307. 

«  Cuprous  iodide. 

Cul. 

4.410. 

^  Zino              " 

Ziil,. 

4.696.  IO.» 

"  Cadmium    « 

Cdl,. 

4.576,  lO." 

^'  Mercurous  " 

Hgl. 

7-75. 

^         II           « 

n 

7.6445. 

"*  Mercuric     « 

Hgl. 

6.32. 

™           n                  " 

6.20og. 

35         "                ^ 

6.250. 
5.91. 

»        „             «            , 

" 

6.27. 

AUTHORITIES. 

"- H.St.  Claire  Deville. 

P.  ."Sehiff,    21. 

A.  132.307. 

''Schroder.    23. 

" 

H.St.  Claire DeviUe. 

|„.„.y.o.}"»£M'.- 

A.  182.307. 

16 

H.  St.  Claire  DeviUe. 

P. 

^Bijdeter.    26. 

Dam  our.     7.870. 

A.  132,307. 

=>  Boullay.    2. 

Boullay.    2. 

II,  St.  Claire  Deville. 

e. 

■»  Karsten.    3. 

Karaten.    3. 

A.  132-3ri7. 

"Boullay.    2. 

Filhol.    12. 

I'Biiileker.    26. 

^  Karsten.    S. 

J.  L.  Smith.    7.870. 

IS  Filhol.    12. 

"Filhol.    12. 

»Scliiff.    21. 

"Boullay.    2. 

"^Schiff.    21. 

ifSohroder.    23, 
'I  Schroder.    23. 

» Karsten.    3. 

ssTschermak.    27. 

11 

Filhol.    12. 
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SPECIFIC  GEAVITY  TABLES. 


- — -^~ 

... 

Specific 

Boiling       Melting 

Gravity. 

P.int. 

Point, 

'  Mercuric  iodide. 

Hgl, 

23S." 

'  Phosphorus  diiodide. 

FI,. 

a  no. 

'           «          tri  iodide. 

55° 

'  Arsenic                 « 

As  I,. 

4.39.  IS-" 

*  Antimony            « 

Sbl,, 

5.01.  IO.° 

'  Bismuth              <i 

Bil.. 

5.652.  10." 

'  Silicon  tetriodide. 

Sil^. 

290." 

120.  5. 

» Titanium        " 

Til.. 

360.°+ 

150,^ 

"Tin                   « 

Sii  I,. 

4.696.  II.° 

39S-° 

146."  s.  142-'' 

"  Aluminum  iodide. 

Al,  I5. 

a.  .85.° 

v          «              .< 

" 

3.63. 

350-" 

125.° 

2d.  HYDRATBD  AND  DOUBLE  lODniES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Ferrous  iodide. 

Fo  15.411,0, 
2  K  I.  Ft  I,. 

3.873.  '2-° 
5-'54.)    ^<, 
5-'98-r 

VI.    ClILOROBEOMIDES,    CHLORIDES,    AND    BeOMIDES. 


eciiic 

Melting 

Name. 

Gravity. 

Poim. 

">  Carbon  chlorobromide. 

C,  CI,  Br„ 

2-3.  2l.° 

"Silicon 

Si  01,  Br. 

>»  Phosphoi-us  oxychloro- 

2.059,  o-' 

"Mercm-y  bromiodide. 

Hg  I  Br. 

lOppenheim.Z.F.C.  13.155. 
'  Corenwinder.    3.272. 
>  Corenwinder.    3.272. 
*  Bodeker.    26. 
SBodeker.    26. 
» Bodeker.    26. 
'Friedel.    J.  P.  P,  107.215. 
SHautefeniUe.    20.207. 


AUTHORITIES. 

Tersonne.    15.172. 
"Bodeker.    Hd. 
"  Weber.    10.156. 
=  Deville  &  Troost.  (T)  12.26. 
» Bodeker. 


26. 
\  Bodeker.    26. 


inialiib-uti.     A.C.rliya.  (3). 

16.24. 
"  Friedel  &.  Ladenburg.    20. 

"Menaohutkin.    J,  F.  P.OS. 

485. 
i»Oppenheim.      Z.  F.  C.  13. 
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SPECIFIC  GRAVITY  TABLES. 


VII.  Oxides. 
lat.  SIMPLE  OXIDES. 

Formula.    =  Specific  Gravity. 


■9^58433+.  5°-° 
958737  +  .  100.^ 
.999887,  o."  t 
.992347,  40.") 
.999862,  o.' 
.99988,  0.° 
.95903,  99''8. 
-93078.  130-8- 
.93123.  131.° 
.93035-  '3'°'- 

.90715, 157.° 

.95892,   100.' 


.91912.— 
.92025,— 


AUTHORITIES. 


■"  f-Mendelejeff     17 

"i-Branner.    P.  A.  64.113. 

'j-Muncke.    36. 

Mendelejpff     '^7 

"»]  H,0  at  C^l.OOOO. 

>     HJ}  at  3978=1.0000, 

Mendelejeff     57 

21  \  See  paper  for  other  values. 

•      For  other  temperatuifa  fee 

Mendeltgeff    67 

iiplaylair  and  Joule.    11. 

'rStampfer.   37.   See  paper. 
•l,Hj0at3?75=l,0000. 
'  Despretz.    39, 

IG 

Mendelqeff     ■>7 
Mendelqeft     57 
Buff  2r*  H,UatU==1.0000. 

IS  (  Playfair  and  Joule.    Cite 

(       othor  esperimenters. 
^Dufour.     P.  M.  (4).  V.  20. 

fjMendel(!Jeff.    57. 
•iMendelejeff.    57. 

1"  \  Euasetti.     67. 

'^  J  Duvemoy.    Si), 
"IDuvernoy.     50. 

•In  dealing  with  w 
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SPECIFIC  OBAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling  Point. 

Melting 
Point. 

*  Hydrogen  peroxide. 

H,0,. 

1.452- 

'  Chlorine  trioxide.      1. 

Cl,0,. 

'■3298.-) 
1.387-  i 

8=tD9.° 

=        "               "            1. 

745  m.  m. 

*  Iodine  pentoxide. 

1,0;. 

4.250- 
4-7987,  9-° 
4.487.  0° 

'  Sodium  oxide. 

Fa,  0. 

2.805. 

"  Potassium  oxide. 

K,0. 

2.656. 

'Silver 

Ag,0, 

7-H3.  '6=6. 
7.250. 
8.2558. 
7.147. 

"     <(           peroxide. 

Ag,  0,. 

5.474.  Impure. 

"  Sulphurous  acid.       I. 
1^           «             «           1. 
>'          «             «           1. 
"           «             «           1. 

SO,. 

1.42. 
1.45- 

-10^5- 

s — 76.° 

'8           b             -.1 

" 

1.4911,— 20?5. 
1.4609,— 9?9. 

— 8°759.2m.m. 

-                 ,                    B                 I 

« 

1. 4384,-2^08. 

1.4318.— o?25. 

12 

« 

i.4252.+2?8. 

a 

" 

1.4205,  4?5i- 
1.4102,  8?27. 

a 

.1 

1.4D17,  ii°5. 

IS 

«  I.  J 

« 

1.3887.  i6?43- 

i? 

,. 

„ 

1.3769,  2o?63. 

:    "     " 

" 

1.3673.  23°9i. 
1.3587,26=9. 
1-3513.  29-57- 
I.34I5.32-96- 
1.335°.  35-29- 
1.3258,  38^65. 

AUTHORITIES. 


I  T!:6natd.    Watts'  Diution- 

12  Plavfeir  and  Joule.    11. 

^ 

D'AndreSff.    22. 

ary. 
'(Bramdan. 
HZ  F  C  1347 

■'Mahla.    5.424. 

D'Andre^ff.    22 

"  Faraday.    P.  T.  1833.  189. 

n 

D'Andre^ff.    22 

lEBussy.    P.  A.  1,237, 

D'Andre^ff.    22 

''Bimsen.     P.  A.  46.97. 

^' 

D'Andre4ff.    22 

sKammerer     PA,  138.401. 

"Faraday.    P.  T.  1845. 155. 

ih 

«Ditte     Z  P  C  13.303. 

"Pierre.    l.Gli. 

I'fD' Andrei.    22. 

D'Andre^ff.    22 

"iD'Andre^ff.    22. 

D'Andre^ff.    22 

sHerapath     I 

"|D'Andre#ff.    22. 

D'Andre^tf.     22 

"Bnuliay     3 

s^lD'Andte^ff.    22, 

^ 

D-Andre^ff.    22 

"Kaisten     3 
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SPECIFIC  GBAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Poinl. 

Melting 
Point. 

'  Sulphuric  acid. 

SO,. 

1.9546.  13.=         s. 
1.975-                   s. 
1.97,  20.°             1. 
1.9ZI18.-I 
I.90915.  [25.° 

a  25.° 

« 

1. 90S  14.  3          s. 

46''-47.'' 

29-5. 

" 

1.81958- ) 
1,8105-     U7.° 
1,8101.   3         i. 

760  111.  m. 

rs,  25' 

u 

1"         >. 

46." 

"  Tellurium  dioxide. 

TeO,. 

"  Calcium  oxide. 

CaO. 

3-179- 
3.16105. 

''-  Strontium  oxide. 

SrO. 

4.611. 

"  Barium 

BaO. 

4.0. 

4.7322. 

=0       « 

" 

4.829—4.986. 

"      <i       peroxide. 

BaO,. 

4.958. 

^  Lead  suboxide. 

Pb,0. 

9.772. 

^     "     monoxide. 

PbO. 

9.277.  17^5. 

"     .<             i< 

9.5. 

^        u                   r< 

9.2092. 

"        „ 

9.250. 
9-361- 

SO 

9-3634.  4-° 
8. 03.  Cry  St. 
9.2-9.36.  Native. 

"     "     dioxide. 

Pb  0,. 

8,902.  i6?5. 
8-933- 

^11           « 

8.897-8,756- 

"     "  Minium. 

Pl'3  0^. 

8.94, 

AUTHORITIES. 


iMorveau.    See  29. 

I'Bowllay.    2. 

"Boullav.    See  23. 

^Baumgartner          [26,411. 

"Karsteii.    3. 

"  Karsfen.    3, 

"Busay.      A.  C.  Phya,   (2). 

"Filhol.    12. 

H.L.Buff.    29, 

W^ 

"Karsfen.    3. 

==  Filhol.    12. 

"Filliol.    12. 

i^Playfeir  and  Joule.    U. 

H,  L.Ruff,     29. 

"  Foorcroy. 

"Orailich.    11.186. 

H.L.Buff.    K. 

"Karaten.    3, 

H.L.Butr,     29. 

m 

'*  Playiair  and  Joule.    11. 

='  Ilerapath.    1, 

H,L,Buff.    29. 

s»PiIhol,    12. 

'"SchiiltzSellact.   P.A.139, 

"iPlayfair  and  Joule.    11. 

as  Playfair  and  Joule.    11. 

4^0. 

="Playfair  and  Joule.    11. 

i-Muscheiibroek,         Watts' 

" 

3cha&rik,    23. 

»SHcrapath.    1. 

Dictionary. 
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SPECIFIC  GBAVITY  TABLES. 


Formula,  j      Specific  Gravity. 


9.096.  15.'' 
9.190. 


[The  oiidee  of  Ihe  iron  and 
aUiea  sroups  are  arranged 
according  to  eimilantj-  01 

'  JIanganous  oxide. 


"  Uraiious 
"  Cupric 


"  Sesqiiioxides. 
^'  Chromic  oxide. 


ro. 

CuO. 


5.091. 

5-597- 

5.745.  Fuma 

6.398. 
6.661. 

i.  Artif.  cryst. 
6.398.  Bunscnite. 

5-597-  I 

5.75.  After  ignition.) 
.15. 

6.4304. 
(5.90. 
\6.414.  After  ignition. 

6.25.  Melaconite. 
5.952. 


;i.  Co'st. 

109, 

1.  Cryst. 


AUTHORITIES. 


iHerapatli.    1. 

"Ebelmen.    4.16. 

"rPlayfair  and  Joule.    11. 
!i  t  Playfair  and  Joule.    11. 

'Karsten.    3. 
'Herapath.    1. 

"fPlavfairaiiii  Joule.    11. 
15  Ipiayfeir  and  Joule.    11. 
>«  Ebelmen.    J.  F.  P.  27.385. 
"  Ilerapath.    1. 

«Filhol,    12. 
'SJenasch.    12.21*. 

epiayfiilraiidJoule.    11. 
"Rammelaliei^.    1&S78. 
'PlavfeirandJoule.     U. 

"Whitney.    2.728. 

=*,Toy. 

"  Wohler.      Watts'  Diction- 

BGenth.    1,444. 
OG^nth,    1.444. 

isBouOay-    2. 
'"Earsten.    3. 

ary. 
''Playfair  and  Joule.    11. 
=»Schiff.    11.161. 
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SPECIFIG  GBAVITY  TABLES. 


Name. 

Formula. 

Sp.c«.G„vi.y.      !    'K;««       'gS^ 

'  Chromic  oxide. 

Or,  0,. 

5.010. 

'  Manganic    « 

Mil,  0,. 

4.82.  Braunite. 

4,325.  Artificial.  1 
4.752.  Braunite.l 

'  Ferric           « 

Fe,  0,. 

5.25'. 

5.261.  Natural. 

S,j2i,  i2?5.  Natural. 

"l 

4-959.  '6?5.  Prec.p. 
5.225. 

4.6;9.            1 

5.135.  Ignited.; 

"      " 

" 

^:3;:}--=- 

^^      « 

5,!9i.^  Native. 

„      1'               " 

5.214.  V  From   three 
5.230.  )     localities. 
5.169,  Prccip.  1 
5.037.  Ignited,! 

»      "               « 

"  Xickelie       1. 

Ni,  0,. 

4.814. 

»      « 

4,846,  l6'=s. 

''Cobaltic       « 

Co,  0,. 

5.322,  i6°5. 
5.60. 

^      «               „ 

i< 

4.814. 

^  Ahiniinic     « 

Al.O,. 

4-152,  4-° 
3'944- 

^             B 

4.004. 

">              « 

" 

3-531-  Ruby. 

I             ""                       "" 

3.562.  Sapphire. 

4.154-- 

3-92S.  Artif.  cryst. 

^              "                        « 

4.022.  Corundum.     1 

" 

3.992.  Above,»f.,=r  fusion,  || 

AUTHORITIES. 


igcliroder.    23. 

"fPlay&irand  Jonle.    11. 
"iPlayfairandJonle.    11. 

«  Boullay. 

^  Playfeir  and  Joiile.    11. 

*  l  Player  and  Joule,    11. 

"  Rover  and  Dumas 

"  (  Mohs  and 

5/Rammelsbei^.    18.H78. 
«lRammelsberg.    18.878. 

'"  f  G.  Ri>se. 

See  23- 

'M  G.  Rose. 

^  1  BrisEon  and 

m 

'Brdthaapt.  J^*"' 

'^  1  G.  Rose, 

"  f  H,  R<ise.     P,  A,  T4.440. 

"Pilhol.    12. 

'Kopp.    See.  23. 

«  1  H.  Rdse.     P.  A.  74.440. 

"Ehelmen.    4.14. 

'"Herapath,     1. 

«  Playfair  auil  J»ule-    11. 

■'fni,St,C,Deville,  Sec  2-?. 
"laLSt-aDevilie.  See  23. 

"  Boullay.    2. 

"Henipatli.    1. 

^SHerapath-    1. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Sp.ci.ca,.vl.y.          B°';^ 

Melting 
Point. 

'  Aluminic  oxide. 

Al,  0,. 

3-f°-JArtif,ckl. 

3.75o.lHeated  in  a 
3.725.)  wind  furnace. 

■            .i                 n 

3-999- {■'?.,:.£'■■"" 

" 

3.899,  15?5.-) 
3-9=9-                 a"m," 

'         I(            « 

'              (r                    " 

3-974.          J 

'"         "            " 

3.994.  Ruby,  m,  ofg. 
4.0067,  14?  Powdered. 
3.989.1  I3°5. 

4.oo8.;f::;^;:;/f'"  '^■ 

■■'  Three  to  four  oxides. 

E,  0,. 

"  jMaiiga.no-manganic 

oxide. 

]\In3  0.. 

4.722.  Hausmannite. 

1'          I                 I 

4,746 
4-653 

JArtif. 

1"          .1                 « 

4-325 

Artificial. 

M                „                              „ 

4.718 

Artificial.  I 
Native.    1 

=1                 11 

4.856 

'-  Ferroso-ferric  oxide. 

Fej  0.. 

5.094 

«         «                ,1 

4.960 

!5                 "                              " 

4.900— 5.200. 

5.300,  i6?5. 

5.400."! 

5,480.; 

■^                «                              <1 

5. 168.  J_  Cry  St. 

23                ,1                              H 

S.180.)  Magnetite. 

3"              r<                         11 

5-453- 

5.12,0.=  Native. 

3'                «                              II 

5.185.-)  Native. 

^                 11 

5.148.  }  From   three 

"                 "                              " 

5.106.3    locaUties. 

1 

AUTHORITIES. 


'  I II.  Eoae. 
!  t  H.  Rose. 
=  (  H.  Rose. 
*  i  H.  Rose. 
»  in.  Rose. 


Schaffgotsch. 
Schaf^otach, 
Schaffgotsch. 


P.  A. 


"  f  Scliaffgotsch. 

11 1  Scbaflfeotsch. 

"  I  Schaffgotsch.  i 

"  Dana's  Mineralogy. 

"  )  Playfair  and  Joule.    11. 

'*  1  Playftlr  and  Joule.    11. 

1*  Playfdr  and  Joule.    14. 

■"  f  Eammelabeig.    IS.STS. 

'I  \  Rammelsberg.    IB.bTS. 

''Mohs.  \ 

"SGerolt.  )^**^^- 


"  Leoiilianl,    Ste 

s"  Herapfltli.    1. 

f  ( Boullay.    2. 

"  I  Boullay.    2. 

**  (  Kenngott;     s 

» (      Mineralogy. 

I)  Playfiiir  and  Joule.    11. 

"Kopp.    See  23. 

>*  f  Rammelaberg. 

'^  <  Raminelsberg. 

"  I,  Ranimelsber-^. 


23. 
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SFECIFIG  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boilin?    1  Melting 
Point,     j    Point. 

'  Cobaltoso-cobaltic  oxide 
'Uranoso-uranic         « 

C03  0.. 
Uj  0,. 

6.296.1 
7.1932- 
7-3I- 

"Trioxidea. 
'Chromium  trioxide. 

"Molybdenum  « 

"  Tungsten          « 

ito,. 

CrO,. 
Mo  0,, 
WO,. 

2.676.  m.  of  3. 
2.737.  14°  Cryst, 
2.629,  '4-°  After  fusion. 
2.S.9,  20." 
3,46. 

3.49. 

4.49—4.50.  Native. 

4-39-2l-''m.of2Cryst. 

6.12. 

5.274,  i6?5. 

7.1395. 

6.302.1  ^ 

7.16.  Amorphous.) 
7.232,  17.°  Cryst.  1 

[Miscellaneous  oxidea  of  tlie 
Fe.  Pt.  Mo.  Zn.  groiips.J 
"  Manganese  dioxide. 

™  Cuprous  oxide. 

Mu  0, 
Cu,  0. 

4.81.  Pyrolusite. 
5.026.         1 

J;«*}po.i.ni,e. 

4.826.  Polianite. 

5-751- 
5-746. 
5.992.  Cuprite. 

AUTHORITIES. 


'  f  Rammelabeig.    2.282. 

"Sehafarik.    28. 

'  1  Rammelabeig,    2.282. 

"DeLuyart.    See  11. 

:^,S'-*1"" 

'  Karsten.    3. 

'SHerapath.    1. 

•Ebelmen.    J.  F.  P.  27.386. 

"Karsten.    3. 

«  Leroyer  &  Dumas.   Seell. 

•Playfair  and  Joule.    11. 

•'/Nordenskiold.    14.214. 
"iNordenskiSld.    14.214. 

"  i  Hempath.    1. 

'jEhlera     26. 
nEhlers.    26. 

i»  f  Zettnow.    20.216. 
"IZettnow.    20.216. 

aiKarsten.    3. 

"Schatarik.    28. 

'"Playfair  and  Joule.    11. 

"Thomson.* 

"Beizelius.  j^^^^-  falogv. 

"Turner.    See  11. 

"Haidinger.     Dana's  llio- 

eralogy. 

"  Weisbach.    Dana's  Miuer- 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Nar 


Ruthenium  dioxide. 
Kuthenium  tetroside. 
Molybdenum  dioxide. 
Tungsten  « 

Zinc  oxide. 


Formula.       Specific  Gravity. 


Mo  Oj. 
WO,. 
ZnO. 


JIagiiesium  oxide. 


"  Slercuroua 
"  Mercuric 


5.67. 

12.1109. 

5-432- 

5  ■7344- 

5,6067.1 

5.6570.1 

5,5298.  Cryst. 

5.612. 

5.684.  Ziijcite. 

8,183.  i6?5. 

3.674.  Periclase. 

3.750.  " 

3.200. 

3-644-\ 

3-650.1 

3,636.  Avtif.  cryst. 


2.967. 

3.02 — 3.06.     Cryst. 


AUTHORiTIES, 


1  Ueville  &  Debray.    12,236. 

■'Filhol.    12. 

Ilpnpatli     1 

"Herapath.    1. 

"Karsteii.    3. 

'UHpraiath      1 

"Werther.    See  23. 

"B  ullay     2 

"Damour.ls,g23. 
"8eacclii.   ( 

"  Karsten     3 

»LeroyerilDumT>.    See  11. 

1'  Karsten.    3. 

wpiavfair  and  Joule-    11. 

s /Brooks.    P.  A.  74.439. 
•I  Brooks.    P.  A.  74.439. 

"(Rose.    P.  A.  74.437, 
»  I  Rose.    P.  A.  T4.437. 

="  Playfair  aiid  Joule.    14. 

s'Ekebetg.   P.  M.(l).  14.346. 

i"W.&T.J.Herapath.  C.S. 

"Ebelmen.    4.15. 

"Ebelmen.    4.15. 

J.  1.42. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula 

j      Specific  Gravity. 

1    Boiling 
1      Point. 

Melting 
Point. 

'  Glucinuiu  oxide. 

GIO.     1 

3-09—3.083.  Powder. 
3.096,  12.°  Frecip. 
3.027,  io°{^Ji'„°fui^^ 
3.021,  9.°  Cry  St, 

'  Yttnum         11 

YO. 

4.S42. 

*Ceric              « 

Ce,0,. 

5.6059. 
6.00. 

'  Ceroso-diceric  oxide. 

Ce,  0,. 

°  Ceroso-ceric  oxide. 

Ce,  0, 

6.93-6.94.  is°5-l 
7.09,  I4?5.  Cryst.; 

'»       "           « 

"  Liinthanum          ■■ 

LaO. 

5.94. 

5.296,  i6.°  +  tr.B,0, 

DiO. 

6.64. 

5.825, i4.°  +  ti-.B,0, 

"  Tlioviuni               " 

ThO. 

9.402. 

9.2J. 

9.077—9.200. 

" 

[Nitrogen  group.] 

"  Nitrous  oxide.              1. 

K,0. 

■9756,  ~s° 

.9370.  o-" 

I    '•      '•          '■ 

■9' 77-+ 5-° 
.8964,  IO.° 
.8704,  15.° 
.8365,  20.= 

"  Hyponitric  acid.          I. 

NO, 

28?76om.n. 

'^        II                «             I. 

1.4Z. 

28.° 

^  Nitrogen  pentoxide. 

N,0;. 

45''-50-° 

29°-3o.° 

"  Boron  trioside. 

B,03. 

'75- 
1.S03. 

"      «            II 

1.83. 

"Phosphorus  pentoxide. 

P.O,. 

2.387- 

"'  Vanadium  oxide. 

v,o. 

'"          "          trioxide. 

v,o,. 

4.72,  16.=  m.  of  3. 

AUTHORITIES. 


'f  H.Rose.  P.  A.  74.433. 
'J  H.Rose.  P.  A,  74.433. 
=  1  H.  Rose.  P.  A.  74.433. 
'  t  H.  Base.  P.  A.  74.433. 
»  Bkeberg.    P.  M.  1. 14.  346 

•  KaraCen.    3. 

'  Hermann.    17.193. 
'Hermann.    17.193. 

*  f  Nordeoskiold.    14.184, 
■"  I  Nordenstiold.    14.184. 
"  Hermann.    14.192. 
■"Nordenskiold.    14.197. 


'  Hermann.    14.193. 

*  Nordenstiold.    14,197. 

'  Beraelius.    P.  A.  16.335. 
'Nordenskiold&ChydeniUiS 

13.134. 
'Chydenius.    16,194. 
'  f  D'Andrefff.    23. 

*  D'Andreeff.    23. 

*  J  D'Andre^ff.  22. 
■  j  D'Andre^fF.  22. 
'  D'Andre^fF,  22. 
"  iD'Andre^ff.    22. 


^Dulong.  Scliweig.     J.  18. 

177. 
*  Mitacherlicli.  Schweig.    J. 

63.109. 
^Deville.    2.257. 
■'  Breithaupt.  1 
*■  Davy.  I  See  11. 

"  Kerzeliua.    ) 
"Brisson.    See  II. 
I  Scliatiirik.    J.  F.  P.  76.142. 
'  Schaferik.    28. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 

Point. 

'  Vanadium  pentoxide. 

V.  0,, 

3-510-J 

^  Arsenic  trioxide. 

ASi  Oj. 

3.698. 

3.690-3.710. 

3.695.  Octahedral.    "1 

3.73K5.  Amorphous,/ 

' 

1 

3.729,  17.3- 

*        11             « 

3.7202.) 

« 

3.7026. ; 

'"        «             « 

3.8S4- 

11        (1             (i 

3,8;.  Nalive,  prismatic. 

'-        n      pentoxide. 

As,  0^. 

3.7342. 
4.023- 1 
3.985.. f 

IS 

4.250. 

"  Antimony  tiioxidc. 

Sb,  Oj. 

5.57. 
5.778. 
6,6952. 

5.251. 

W                ,.                            11 

5.lI.OctaIiedral.1 
3.72.  Prismatic.    | 

=■          «                 •> 

'-  Seiiarmontite. 

5.22-5.30. 

"  Valentiiiite. 

. 

5,566.  Cryst. 

"Antimony  tetroxide. 

Sb.O,. 

4.074. 

ij         „ 

4.084.  Cervantite.         ! 

*          «        pentoxide. 

Sb,0,, 

6.525- 

^          II                 II 

3-779-                              i 

^  Bismuth  tiioxidc. 

Bi,  O3. 

6.7608,  16^5.                ) 

»              II                        B 

8-45- 
8.I73S- 

n             „ 

8.079.                          I 

AUTHORITIES- 


'(Schaferik.  J-.F.  P.  76.142. 

'"Karsteii.    3. 

"  Dana's  Mineraloso-. 

'tsehaferik.  J.F.P.7 

G.142. 

H(Pla,yfair  and  Joule.    11. 
"  I  Playfair  and  Joule.    11- 

«  Playfair  and  Joule,    11, 

=  I«  Royer  &  Dumaa.  £ 

eell. 

»  Dana's  Mineralogy. 

"Filhol.    12. 

«  f  Guiboiirt. 
•IGuibourt. 

'«Mohs. 

2' Plavfuir  and  Joule,    11, 

"  Boullav.    2. 

«  /  Herapalli.    1. 

'"Koisten.    3. 

MlHerapath,    1. 

s/Karaten.    3. 

"» PlavEur  and  Joule.    11, 

f  Le  Royer  and  Dumas. 

»>r  Terrell,    J,  F,  P,  98.164, 
"iTerreil,    J,  P,  P,  98,154- 

"  Karsten.    3. 

wFllhol.    13. 

"Playi^ir  and  Joule.    11, 

"Clatidet.    21.230. 

»'  Dana's  Mhicralogy. 
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SFECIFJO  GRAVITY  TABLES. 


,    Name. 

Formula 

Specific  Gravity. 

Boiling: 
Point. 

Meking 
Point. 

[Carbon  group.] 

'  Carbon  dioxide.           1. 

CO,. 

.S3,    o.. 
.6. +3a») 

—73-" 
-56?s  10-58? 

=        «            «                  !. 

■9952,  -lo.' 

'        ,<           «                  L 

-5710.  —  5.° 

'        «            11                  I. 

-9471.  o.° 

'        "           "                  1. 

.9223,  +  5.° 

«        «           «                  1. 

.8948.  io.» 

"           a                 »                          ], 

11 

.S«3S,  IS.' 

"           «                 «                           1. 

« 

.8267,  20.° 

"           "                 "                          1. 

11 

.7831,  2;." 

•"  Silicon        11        Quartz. 

SiO, 

2.653.  t:ryst. 

"        11            .(              11 

2.6541.;  d...mimUoni. 

"        ,1            « 

"        "            "              " 

2.653, 13." 111. its.  , 

2.653,  IS.'  '".'ir  i 

" 

2.656.  Cryst.           1 
2.22.  After  fusion.; 

"              H                    «                        II 

„ 

™         11             1     Artificial. 

2.20.  I2?5.(KU„,.. 

''        11           11  Tridymite. 

" 

:;S:}-'"-l 

"        11            «           11 

2.2S3.  iS"?.         ) 

=•  Titanium  dioxide.  Rutile 

TiO., 

4.249. 

»         ,1               1.            « 

« 

4.244. 

"    !!       11 

4.250-4.291. 
4.430. 0-° 

"                  11                                  11                          n 

4.26.  Artificial. 

»       »            11         11 

4.283.       11 

"     «         "     (???) 

4.3.           11 

4.56, 

4.1a. 

3.9311.  A itif.  powder. 

AUTHORITIES. 


Thilorier.  A.C.Phys,(2). 

60.427. 
Thilorier.  A.  C.  Phys.  (2). 

60.427. 
Thiloner  A  C  Phys.  (2). 


'  !  D  Andrefff  22 

'  ]  D  Indre^tr  23 

>     DA  drcW  23 

I"  1  D  indreeff  .. 


'  f  Beuaant.  P.  A.  14,474. 
s  \  Beadatit.  P.  A.  14.474. 
=  f  Schaffgotach.  P.A.fi8.147. 

)  See  same  paper  for  many 
'  I       determinations  for  opaJ- 

I      Ine  minerals. 
HCh.St. Claire Deville.  8.14. 
"jch,  St.  Ciaire  Deville.  8.14. 
»SchalTK0t8cli.  P.  A.  68.147. 
H  V.Bath.    21.1001. 


'I' /v.  Rath.  31.1001. 
"It.  Rath.  21.1001. 
"  Mohs.  , 

"^Scheerer.  [30023 
"  Breithaupt.  ! 

"*  Ebelmen.    4.16. 
™  Ebelmen.    12.14. 
*>  Hautefeuille.    1G.312. 
^'Mfiller.    5.847. 
"  Klaproth. 
"^  Karsten.    3. 
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SPECIFIC  GRAVITY  TABLES. 


Specific  Gravity.  p^.^^^  p^^^^^ 


;  oiling       Melting 


"    "    dioxide. 


RnO. 
Sn  0,. 


4, 2  5 3.  "I  Powder. 
4.255.jlgnited. 


4. 166.  J 

3.8..  From  L 
4.216.     .> 
3.952.  Arkar 
3.89=.  1 
3-949- i 


4.03-4.083,  Arkansitc, 
4-085. 


0.1 


3-9'2-) 

3-857. 

3-75- 

3.826. 

3.82. 

4.06.  From  Braiil, 

3.7-3.9.  Artificial. 

6.666.  i6?5. 

6.72. 

6.96. 

4-933-  I7-8.) 

6,639.  "6'5.( 

6.892-7.180. 
6,95-6.96. 
6.83!.  o.= 


AUTHORITIES. 


'/Hose.    See 23. 

i3\RammelsbeT^.    2.730. 

^  Damour.    10.661. 

HFrodniann.    3.704. 

» Herapath     1 

*Haut«feuille.    17.214. 

15  Beck.    3.704. 

"Daubiee     See  23. 

«    H.  Eoae.    See  23. 

«  Mohs 

8,  H.  Rose.    See  23. 

"  Whitney,  f          ■ 

=>  f  Her\i>ath      1 

'    H.  Rose.    See  23. 

18  (H.Rose. 
■»t  H.Rose. 

30  I  Hemi>ath      1 

9    H.  Rose.    See  23, 

"'  Bjulla\      2 

uRomaiiowBty.    2.729. 

»  Vauqueliii. 

SeeE3. 

!  Breithaupt   1 

"  Breithaupt. 

"Breithanpt.    2.730. 

2!  Mobs. 
"v.Kobell. 

='Kopp           ) 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.!        Specific  Gravity. 

Boiling 
Point. 

Melting 
Point, 

'  Tin  dioxide. 

SnOj       :  6.849-6.978. 

'    <. 

6.7132,4.= 

'      «             a 

6.753,  Fr,  Wicklow. 

*       ■■                B 

6,862.  Fr,  Mexico. 

'     "          .1         Bolivia, 

6.S432,  I5°5-?^  ,    , 

7,021,  15=5.  Black. 
6.704,  15?5.  Yellow, 

^Zirconium  dioxide. 

ZtO,. 

5.49. 

"          .  4-3- 

"          I                I 

5,42, 

5-5- 
4,9. 

"          I 

5.742.  15.°-) 

5.710,  15."  V 

5,624,  15-=) 

"  Niobium  pentoxide. 

Nb,  Os. 

4-56.\E;ilren,es  of  several 
5-26.;     determinations. 

™         «               <( 

=1         -,               .1 

1  6.140.1    From  fusion 
6, 146,  J  with  K,S,0,, 

'■' 

" 

6,48,  Above,  ignited. 

"         11               <. 

5,83.  Morestrongijr  heated. 

"         II               . 

5,90.    )                                    \ 

5,98.   J         From          1 

"*             «                      a 

" 

5.706,1       chloride.      / 
6,239./ 

"             1                      <l 

'S                <,                          11 

6,1-6,4,  Ignited.          I 

"  :     : 

6.735,          " 
5.5I-5.52- 

AUTHORITIES, 


'H.  Ko3e.    See  23. 

"Knop.    A.  C.  P,  159,  30. 

11 

H,  Rose.  12.158. 

•sJ 

'PlayfairandJotile.    14. 

"Sj(^ii.    6,349. 

a 

H,  Rose.  12 

WH 

II 

'J£allet.    S.70S. 

IS  Berlin.    6.350, 

u 

II.  Riee.  12 

l-W 

H.Rose.  12 

I5S, 

ai 

s    Forbea.  P.M.  (4). 30. 139. 

828. 

!S 

H.  Rose.  12 

I5S 

a^ 

•    Forbea.  P.M. (4). 30. 139, 

H,  Rose.  12 

ifla, 

-S 

'    Forbes.  P.M.  (41.30.139, 

626. 

if 

H,  Rose.  12 

1,"iS 

-.f. 

'    Forbes.  P.M.  (41.30. 139, 

"     Nordenskiotd.  P,  A,  114. 

H.  Ecee.  1! 

1,W 

i| 

'  1  Watts'  Dictionary. 
'H  Watts' Dictionarv, 

626. 

■a, 

H.Rose.  12 

"(H,  Rose.    1.405, 
"•IH,  Else.    1,405. 

H.  Rose.  12 

?  4 

"  R.  Hermann.    19. 191. 

I5H 

■   < 

"Klaproth,    Seen. 

3= 

H.ltiise.  12 

158. 

-   i 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula, 

Specific  Gravity. 

Boiling 
Point, 

Melting 
Point. 

'  Kioliium  peiitoxide. 

Nb,  0,. 

4.56.)  Extremes  of 
6,54.1     several. 

" 

5.20.  V4-° 
5.48.JCryst. 

« 

4.37-4.46,)  Prepared  by 

« 

4.51-4.53.)  two  methods. 

4-3'- 

''  Tantalum       " 

Ta,  0,. 

7-03-\EYtremcs  of  several 
8,26.1     determinahons. 

7.055. ■(    From  fusion 
7.065.)  with  KjS,0,. 

7.986.  Healed  more  slrongly. 

,, 

„ 

7.284.  CrysialliDefr.TaCls.  1 

7.994.  Strongly  ignited.. 

7.652.  More  strongly  hwlcd.: 

'■ 

8.257.  Porcelain  furnace. ! 

7-35-Ig^PfMip.froinTaCls,. 

8-oi.FromNH.Salt,-J 

"        "                " 

« 

^S:}^^''"'*''^'^ 

2d.    DOUBLE  OXIDBS. 


Name. 

Formula, 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Sodium  u  raniuni  oxide. 

Na.CaUjO,, 

6.912. 

'^Ziiiciron  oxide. 

'^ Magnesium  iron  oxide 

Zti  0.  Fe,  0,. 

Mg  0  Fe,  O3. 

S..32.  Artif.  cryst. 
4.568,1  Magnesio- 
4,654,1    ferrite. 

AUTHORITIES. 


■  j  H.  Rose.    13.  US, 

'"H.  Rose.    1,404. 

"«  Hermann     IS  ■'0^ 

'  \  H,  Rose,    13. 14B. 

» 

H.  Rose,  10.178. 

f 

"Devilled,  Tr-iost     20  207 

'iNordenakiiild.    14.209, 

II 

H.Rose.  10.173. 

il 

""  ( Mangnac    T  F  P  99  dd 
«  \  Mingnac   J  F  P  ■»  33 

H.  Rose.   10. 178. 

5  1  Marinnac.    18. 198. 

" 

H.  Rose.  10.  178. 

"-=  1  Mangnai-   J  F  P  99  33 

'iMarignac.    IS,  liiS. 

11 

H.  Rose.  10. 173. 

"Drenkmann     14  2'i7 

'Knop,    A,  C.  P.  159.  38. 

H.Rose.  iai78. 

i7 

» Ebebnen     4  13 

'Hermann.    18.209. 

11 

H,  Rose.  10. 178. 

s>> 

>»  /  Dana  s  Mmeraloft> 
"  \  Dana's  Mineralogy. 

'H.Rose.     1,404. 

IB 

H,  Rose.  10. 173. 
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SPECIFIC  GEAVITV  TABLES. 


Name. 

Formula. 

Specific  Gravity. ' 

Bailing 
Point. 

Melting 
Point. 

'  Manganese  chromium 

4.87.  Ariif.  eryst. 

'  Iron  chrommm      « 

Fe  0.  Cr,  0,. 

4.321.  Chromite. 

4,498.  Chromit=,fi-.Styria 

I 

4.568.ChK.mTK,fr.  Pa. 

5  Zinc                  n         " 

Zu  0.  Cr,  0,. 

5.309.  Artif.  cryst. 

•Iran  aluminum      " 

Fe  0.  Al,  Oj. 

'  Zinc 

Zn  0.  Al,  0,. 

4.580.  Cryst. 

"      ::                   K                     a 

a 

4.8y.l  Gahnitc  from 
4,9i.f     Franklin. 

I^      <l                    ..                      .■ 

« 

"  Magnesium  aluminum 

oxide. 

Mg  0.  Al,  0, 

3.452.  Artif.  cryst. 

3,48-3.52.  Spind. 

3.523. 

3.575.  Red  spinel. 

"Glucinum  aluminum 

oxide. 

Gl  0.  Al,  0,. 

3.759-  Artif.  cryst. 
3.59?-)  Chrysolwryl. 
3.689.  V     Fromlhree 

I  :      :  : 

3734-)      '°'^'t'«=- 
3.835.  Chrysoberyl. 
3.644.  Alexandrite, 

AUTHORITIES, 


'Ebelmen.    4.13. 

«  Dana's  Mineralogy. 

'Thomson.    Dana's  Miner- 

'(G. Rose.    See  23. 
"to.  Rose.    See 23. 

"Ebelmen.    4.13. 

alogy. 

"  f  Rose.  Dana's  Mineralogy. 

'  /  Dana's  Mineralogy. 

"/Brush.    Sill.  J.  <3).  1.  28. 
in  Brush.    Sill.  J.  {3).  1.28. 

"■j  Rose.  Dana's  Mineralogy. 

1  Ebelmen.    *.13. 

"Ebelmen.    4.12. 

■J'Kokscharof.    14.976. 

«Zippe.    See  23. 

!« Kokscharof.    15.715. 

'Ebelmen.    4.13. 

1=  HaJdinger.    Dana's  Min. 
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SPECIFW  GRAVITY  TABLES. 


YIII.    Sulphides. 


1st 

SIMPLE  SULPHIDBS. 

Name.                    Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Hydrogen  sulphide. 
'  Sodium             " 

H,  S. 
Ka,  S, 

2.471. 

s.-85°5- 

'  Potassium         " 
>  Silver 

K,S. 

Ag,S. 

2.130. 

6.8501.  Artificial. 
7-3I-7-36-  Acanthite. 
7.164-7.236.      a        1 
7.188-7.326.      "         f 
7.269-7-317.  Argentite 
7.02.  Daleminzite. 

•"Thallium 

T1,S. 

8.00. 

"  Oldhaniite 

■'  Lead  monosulphide. 

CaS.Im- 

I)urc. 
PbS. 

2.58. 

7.Z20. 

7.40-7.60. 

7.587. 
7.568: 

7.5032.  Artificial. 

7-539- 

6.9238.4.°  Powdered. 

7.51.  From  Przibram. 

5"      «        sesquisulphide. 
^  Chromium         « 

Pb,S,. 
Cr,a,. 

6.335. 

4.092. 

2.79,  io.°-|  Two   pre- 

3-77.  19.°)    parations 

!'                 (.                    <l 

« 

'*  Manganese  monosul- 
phide. 

MnS. 

3-95-4°'-lNative. 

4.014.        ) 

4.036.  From  Mexico. 

disulphide. 
^  Iron  hemisulphide. 

Mn  S,. 

Fe,8. 

3.463.  Hauente. 
5.80. 

ACTIIORITIKS, 


■V  \ 

45,  155. 

"  Miskdynp 

»  Phvfeir  .ina  Joule.    11. 

1!  Muacl    I  broek  1 

1'  Leonl  arl 

ls„ 

"  Bnsson 

11, 

'S  (  Schafank     28 

sKenngott. 

.908 

isMohs 

MI«f)nhard  1 

« Karaten     i 

M  Dauber.  13. 

-4R,( 

UL.aIities. 

"Breithaurt 

JF  P.l 

.Ibl. 

"«BerKemann     See  23. 

ispiayfeiran 

1  Joule. 

14. 

»Breitliaupt. 

15,7 

)9. 

i»  Tachermak 

27. 

i«  I'layfaix  and  Joule,    11- 

'»Lamy.    15. 

Sb. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity, 

Boiling 
Point. 

Melting 
Point. 

•  Iron  moiiosulphide. 

FeS. 

5.035.  m.  of  2.  Artif. 
4.787.  Troilite. 
4.75-          " 

4,Bi7.  Troilite. 

"    "      (iisulpViide. 

Fe's,. 

4.93-  I'yrite. 

"    "    scsquisulphide. 

Fe"s,. 

4,246. 
4.4  >- 

"  Complex  sulphide  of 

Fe.S,. 

4.494. 

"  Pyrrhotite. 

Fe,  S,. 

4.584.  Fr.  Kongsberg. 
4.546,    u   Bodenmais. 
4.530,   "   Harzburg. 
4.564,   «  Mexico. 
4.640,    11  Conneclicul.. 

"  Nickel  hemisulphide. 

Ni,  S. 

6.05. 

"      "        monosulpliide. 

NiS. 

4.601.  Millerite. 
5.65. 

^  Cobalt 

OoS. 

5.45-  Syepoorite. 

=^      ■>       diaulphide. 

CoS,. 

4.269. 

"     "      eesquisulphide. 

Co,  Sj. 

4.8. 

^  Copper  hemiisulphide. 

Cu,S. 

5.695- 

:  "      " 

5.7022.  Chalcocite. 
5,792-  17'7. 
5  ■9775- 
5.71. 

™      "       moiiosulphide. 

CuS. 

3.8. 
4.1634. 

'"          u                                ,< 

4.636.  Covellite. 

Palladium  hemisulphide 

Pd,S. 

7.303.  '5.° 

AUTHORITIES, 


'  Piayfair  and  Joule.  II. 
"  Ramraelsberg.  1.  1306. 
»9mith.    8,  1U25. 

*  Bammelsbeig.    16. 263. 

*  Eamraelsbei^.    17.904. 

'  Kenngott.  6.  730.  [2S9. 
'  Zepharovich,  Wien  Ak.  12, 
'  f  Dana's  Miiieral<^y. 

*  1,  Dana's  Mineralogy. 
'"Porbos,       Dana's    Miner- 

alc^y. 
"  Playfair  and  Joule,    11, 


'  Bajnmelsbeig,    15,262, 
'  Eaniraelsbezg.    15. 196, 
'  Keni^ott.  Wien  Ak.  9. 576 
'  Schaffgotsch.       )      & 

{'    Eammelsbet^,  I  'a-3 
Rammelabei^.  [  S  g 
Rammelsbei^.  J     § 
'  Playfeir  and  Joule.    11, 
'  Kenngott.  Wien  Ak,  9, 675 
'  Bammelsberg,  Dana') 

Mineralt^ity, 
'  Dana's  Mineralogy, 


"  Playfeir  and  Joule.    11. 
'*  Hoffmann's  Tables, 
'SMohs,    See  11, 
^  Thotnaon.      Dana's  Min- 

eraloi;y. 
"  Herapath.,    1, 

»  Kopp.     16. 5. 
»"Wakhner.    See  11, 
"  Kaisten.    3. 
'^  Zepharovicli,    7,  810, 
"s  Schneider,  P,  A,  141,  532, 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Platinum  monosulphide 

PtS. 

8.847,  l6°25- 

'        .         disulphide. 

PtS, 

7.224,  i8?7S. 
5.27- 

*         "       sesquisulphide. 

Pt,S, 

S-52. 

'■Molybdenum  diaulpliide 

MoS, 

4.59. 

4.44-4.8.  Molybdenite 

'Tungsten  disulphide- 

W,S, 

6.26,  20.° 

'Zinu  sulphide. 

ZnS. 

3-9235- 

4.063.  White  Blende. 

4.07.  Blende. 

4.05.        « 

3.98.  Wurtzite. 

"  Cadmium  sulphide. 

CdS. 

4.90.  Grccnockite. 

4.80.             " 

4,605. 

4.5.  Ai-tif,  Cryst. 

4.5.  Artificial. 

"Mercury          " 

HgS. 

8.998.  Cinnabar. 
8.124. 

="          cc                     ir 

8.0602. 

"        «                « 

8.090,  Cinnabar. 

"        «                « 

7.701.1  Amorphous. 
7.748.jNatural. 

^        ,1 

"        II                 11 

« 

7,552.Amorph,Artif.J 

"Nitrogen         " 

NS. 

2,1166,  15.° 

"Phosphorus  monosul- 

phide. 

PS. 

1,8. 

"          «         hexsulphide. 

PS,. 

2.02. 

^  Dipliosphorus  trisul- 

phide. 

FA 

290.° 

^  Tetraphosphorus    « 

P*S3- 

142." 

^  Vanadium  sulphide. 

VjS,. 

4.70.21-° 

"  Araenic  disulphide. 

As,  8,. 

3-5444. 

3.4-3.6.  Realgar. 

AUTHORITIES. 


1  Bottger,    J.  ¥.  P.  3.  267. 

"  Dana's  Mineralt^y. 

="  fMoore.J.F.P.(2).  2.31U. 

^Bottger.    J.  P.P.  3.237. 

I'Breitliaupt.    See  11. 

^-^Moore.J.P.P.(2).2-319. 

'  Schneider.    P.  A.  138.  604, 

"Brooke,     P.  A.  51.  274, 

"  (Moore.J.F.P.(2).2.319. 

'Schneider.     P.  A.  138.604. 

i^Kaisten,    3, 

»Michaelis.   Z.  F,C.13.4(!0. 

'Mohs.    See  11. 

'sScMler.    6,367. 

"Dupre.    J.  F.  P.  21.  253. 

'  Dana's  Mineralogy. 

"  Sochting,     DaJia.-fl  Miner- 

"Dupr6.    J.  F.  P.  21.  253. 

iSchafarik.    28. 

iB  Lemoine.    17,  134, 

^Karaten.    3. 

»Lemoine.    17.133. 

"Henry.    4.766. 

"  Boullay.    2. 

"Schaiarik.    23. 

'"  Kuhlniaim.    0.  832. 

"Kaisten.    3. 

"Karsten.    3. 

"TBchermak.    27. 

"Moore.   J.  F.  P.  (2).  2. 319. 

■'Dana's  Mineralogy. 
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SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Bailing  Point. 

Melting 
Point. 

'Arsenic  trisulphide. 

As,  a,. 

34S9. 
3-4B. 
34ii- 
3.40. 

'Antimony      « 

Sb,  S3. 

4.62.  Stibnite. 

4.516.       « 

4.7520. 

4.15.  Amorplious. 

4.614,  Black.jMaEBive.    1 

4.641,  16?"     iPowdsred    ] 

4.2K0.  Red. 

4.421.  Precipitated. 

J 

"Bismuthdisulphide. 

Bi,  S,. 

7.29.  m.  of  5. 

"         n       Irisulphide. 

Bi,  S,. 

7-591.  14% 

7.0001. 

7.807. 

7. .6.  Fr.  Bolivia. 

■'  Carbon  disulpliide. 

CS, 

1.272. 
1.2O93,  15''- 

1.26s. 

[.29312,0.° 
i,29858,o.°m,of  2. 

46%.  760  m.  m. 
46:9.  753  m- m. 
46=2.  769  m.  ra. 

45-° 
47'9-75;-8n..m 

:  • 

1,27904,  IO.»      » 
1.26652,  17.° 
1.227431.46°  m.of  3. 

46.'' 
760  m.m. 

a    .1 

1.2661,  zo." 

47'7-745-5ni.m 

""Tinmonosulphide. 

SnS. 

4-8533- 

*>    "               " 

5-267. 
4-973- 

"    "     disulpbide. 

SnS, 

4.415. 
4.600. 

"Thorium  sulpliide. 

Th  S. 

8.29. 

AUTHORITIES. 

'  Karst^n.    3. 

I'  Werther.    J.  F.  P.  27. 65. 

=5  Pierre.    15. 

'  Mohs.    Watts'  Dictionary. 

"Herapath.    1. 

"    H.  L.  Buff. 

90. 

sHiiidinger.  \      Dana's 

■sKawten.    3. 

■^    H.L.  Burr. 

2il. 

'"Wehrle.    See  11. 

«    H.  L,  Buff- 

iM. 

'Mohs.    See  11. 

"  Forbes.    P.  M.  (4).  20.  4. 

"    H.L.  Buff. 

29. 

•Hauy.   Watts' DicHonary. 

ssHaagen.    32 

'  Karsten.    3. 

J.  9.  284. 

» Kareten.    3. 

»  Fuchs.  Watts'  Dictionary. 

isQay  Lnssac.    See  17. 

*>  BouUay.    2. 

>     H.Rose.   6.  361  and  362. 

»Mati.    Sohw.  J.  62.460.  , 

"Sclmeider. 

1°     H.Rose.   6. 361  and 362. 

1  Andrews.    S*e  17. 

«=Boullay.    2. 

"  ■  H,  Rose.   6. 361  and  3S2. 

'"Coaerbe.    A.  C.  Phya.  (2). 

"  Karsten.    3. 

"  iH.Kose.   6. 361  and  362. 

61.232. 

"Chydenius. 

16. 105. 
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SPECIFIC  GRAVITY  TABLES. 


2d.  SDLPHAESBKITBS,    SULPHAESENATE8,   SULPHANTIMONITES, 

AND  SULPHOBISMUTHITES, 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  ProTistite. 

3  Ag,  S.  As,  S,. 

.422-5,56. 

'  Sartorit*. 

Pb  S.  As,  S,. 

■405.") 
■393-  I 
5,469,  ) 

*  Dufrenoysite. 

2  Pb  S.  As.  Sj. 

5.5616. 
5,549. 
5,561. 

"  Bimiite. 

3Cu,S.2As,S,. 

4-477- 

'  Eiiargite. 

3  Cu,  8.  As,  Sj. 

4.362. 

4.430-4.44;  ■ 
|.,39.  GuEiyacaniie. 

'■'          a 

4.37- 

« 

4.34.             ! 

ij 

4-43-                       1 

''Miarg\nte 

Ag,S.Sb,S,. 

5.214-S.242,          1 

'  rvraig\rite 

SAgjS.  Sb,S,, 

S.7-5.9- 

"  fetephanite 

5  Ag,  S.  Sb,  8,. 

6.269.  Fr.Piiibram 

'"  Ziiikenite 

Pb  S.  Sb,  S3. 

5.30-5-3S- 

3  Pb  8.  Sb,  S,. 

5.75-6.00, 

™  Meneglunite 

4Pb8.Sb,S3. 

6.339-6,345. 

"Beitliiente 

Fe  8.  Sb,  8,. 

4.043. 

"  Clialcostibite 

Cuj  S.  Sb,  S,. 

4.748. 

5.015. 

"  Wittichenite. 

3Cu,8.Bi,S,. 

4-3- 

[For  Chiviatite,  Pkgi- 

onite,  Brongniardite, 

Jamesonite,    Friesle- 

benit«,     Bounionitc. 

Tennantit*,  &o.,  See 

Dana.] 

i 

AUTHORITIES, 

'  Dana's  Mineralogy. 

s  fSartorius     v.     Walters- 

hausen. 
'  j  Sartorius 

1     hausen. 
*      Sartorius 

I     hauaen.    8. 9 
s  Landolt.      Dana' 

alogy. 
«Damour.    A.  C.  Phys.  (3). 

11.  379. 


Walters. 


Walters. 


(.Rath.    17,827. 


'  Dana's  Mineralogy. 
'Kenngott.    Dana's  Miner- 

ali^y. 
'•  Breithatlpt.    3.  702. 
"  Field.    12.  771. 
I'v.  Kobell.    18.872. 
i>Root.    21.998. 
1*  Burton.    21,998. 
isweiabuch.    18.869. 
'«  Dana's  Mineralogy. 
"  Dana's  Mineralogy. 


'*  Dana's  Mineralogy. 
"  Dana's  Mineralogy. 
'v.Kath.    20.974 
I  Pettko.    1. 1159. 
'H.  Eose.      1       Dana's 
=*  Breithaupt.  (  Mineralogy. 
'Hiiger.    18.870. 
[See  Dana  for  Kobellite, 
Aikinite,    Tetrahedrite, 
Geocronile,  Polybasdte, 


! 
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SPECIFW  GRAVITY  TABLES. 


3d.  MISCELLANEOUS  DOUBLE  AND  TRIPLE  SULPHIDES. 

Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Thallium  potassium 

sulphide. 

Kj  S.  Tl,  S,. 

4.263. 

'  Iron  potassium     « 

Kj  S.  Fe^  Sj. 

Z.563. 

'Sodium  platinum" 

NajS-SFtS.  PtS,. 

6.27,  15° 

'  Potassium    «        « 

K,8.  3RS.  PtS,. 

'  Stromeyer  jte. 

Agj  S.  CUj  S. 

6.26, 

*  Pentkndite. 

NiS.  2reS,. 

4.6. 

'  Linnseite. 

2  Co  S.  Co  Sj. 

4.8-S.o. 

*  Stembergite. 

Ag,S.3FeS.FoS,. 

4.215. 

'  Chalcopyrite. 

Cuj  8.  Fe  S.  Fe  S,. 

4-185. 

"Barnhardtite. 

2CujS.  FeS.Fe8p 

"  Homichlin. 

3Cu,S.3Fe8.Fe8,. 

4.472-4.480. 

"  Cubanite. 

OUjS.FeS.SreS,. 

4.036-4,042. 

4.169. 

4.18. 

'^  Carrollite. 

Cuj  B.  Co  S.  Co.  Sj. 

4-53. 

"GoI<l  and  Silver  sul- 

4. J. 

phide. 

2  Au,  Sj.  5  Ag,  S. 

8.159. 

[For  many  other  native 

sulphides,  see  l>ana.] 

IX.  Selenides. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 

"Silver  selenide. 
"Thallium  selenide. 
'"  Lead 

''^  Iron  sesquiaelenlde. 

Ag,  Se. 
Tl,  Se. 
PbSe. 

Fe,  Se,. 

8.00. 

6.8.  Native. 
7.5-8.8. 
8.154- 
6.38. 

340." 

AUTHORITIES. 


'Schneider.    P.  A.  139.661. 

'Forbes.    4.759, 

'  Preis.    J.  F.  P.  107. 10, 

"Genth.    8.910. 

'*G.  Rose.    P.  A.  14.471. 

'Schneiaer.    P.  A.  138.604. 

"Kahlmann.    17.255. 

'Schndder.    P.A.  13S.604. 

"Breithaupt.    P.  A.  59.325. 

"Zinken.    P.  A.  3.  374. 

'Kopp.    16.5. 

"Booth.    Dana's  Min. 

«Scheerer.    P.  A,  5fl,316. 

"Smith.    7.810. 

>=  Little.    13.95. 

'  Dana's  Mineralt^y. 

"Faber.    5.840. 

=>  Little.    12.94. 

«  Dana's  Minerali^y. 

"  Smith  &  Brush.    6. 782. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Nickel  selenide. 

NiSe. 

8.462. 

'  Cobalt 

CoSe. 

7.647. 

CuSe. 

6.655. 

•Cadmium  « 

CdSe. 

8.789. 

*  Mercurous " 

Hg,Se. 

8.877. 

*  Mercuric    « 

HgSe. 

7.374.   From  Tilkeiode 
7.1-7.37.    ■'    Clausthal. 

'  Arsenic  triselenide. 

As,  Se,. 

4.752. 

'  Bismuth        « 

Bi,  Sej. 

6.82. 
7.406. 

"  Tin  monoselenide. 

SnSe. 

S.24.  15.° 

"    11    diselenide. 

Sn  Se^. 

4.85. 

X.  Tellurides. 


Specific  Gravity. 


"  Silver  telluride. 

"  Lead        " 

"  Antimony  tritelluride. 

"  Bismuth  " 


PbTe. 
Sb,  Tej. 
Bij  Tej. 


6.47-6.51. 
7-237. 


AUTHORITIES. 


8  Little.    12.95. 

IS  G.Rose.    P.  A.  18. 

"Schneider.    8,386. 

18  G.  Rose.    P.A.1H. 

■"LitUe.    12.95. 

"BOdekerandGieaec 

12.94. 

"Schneider.   J. F. P. 98. 236. 

ifiGeiith.    5.833, 

s  Little. 

12.95. 

'2  Little.    12.  ft*. 

"Schneider.  J, F. P. 98. 236. 

»Genth,     13, 7i4. 

'Kerl. 

5.537. 

"  a  Rose.    P.  A.  18.64. 

iiBalch.    lC,79i, 
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XI.  Phosphides. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Silver  Bcsqui phosphide. 

Ag.  Ps. 

4.63. 

'  Chroinium  phosphide. 

CrP. 

manganese 

Mrij  P. 

5.951.  Amixture.? 
4.94. 

°  Iron                    V 

Fej  P,. 

Fe^P. 

5.04. 
6.28. 

'Nickel 

Kij  P,. 

5.99. 

^  CoKalt 

C03  P,. 

5,62. 

'  Copper                li 

Cu,  P. 

6.?5. 

'"      «                      <. 

6,59. 

"Palladium 

Pd  P5. 

8,25- 

'=  Platinum 

Pt  P,. 

8,77. 

"Molybdenum      « 

Mo  P. 

6,167. 

"Tungsten            <i 

W,  P. 

5.207. 

"  Zinc 

Ziij  Pj. 

4.75. 

"Gold  ses  qui  phosphide. 

An,  Pj. 

6,67. 

"  Tin  monophosphido. 

SiiP. 

6,56. 

XII.  Arsenides. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point 

Melting 
Point. 

"  Kaneite. 

Mn  As. 

5'55- 

"  Leucopyrite. 

Fe  As,. 

6.80,  Fr,  Andrea*erg 
7,09.    <i    tossum 

7.382,\      From 

7,259,)  Ere  ten brunn 

" 

"           .1 

« 

8.67. 1        From 
8.7i.jSchlidmmg 

"           « 

=> 

6.659-6.b4S 

AUTHORITIES. 

■Schrotter.    2.246. 

1"  Hvoslef.     9,285. 

'^  Dana's  Mineralogy. 

'Martius.    11.160. 

"  Schrotter. -1 

i>  Schrotter.  I"-^*^- 

"lUmg,      1    Daiia'g   Jline- 
"Scheerer, ;       ralogy. 

'Wohler.    6.359. 

•Schriitter.    2.248. 

"fBehncke.    9.831. 
"iBehncke,    0.831. 

^Freese.    20.284. 

"Wohler.    4. 347, 

•Hvoslef.    9.233. 

>=  Schrotter.) 

='(Weidenbu3ch.    5. 33G. 

'  Scbrnfter. ) 

"Schrotter.  12,240. 

^Sdirotter.  ^2.246. 

1' Schrotter.  J 

^Breithaupt.    P.  A.  0. 115. 

'aohrotter.  J 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Loliiigite, 

Fe  As.  Fe  As,. 

7.00-7.228. 
6.246.  In  mass.    \ 
6.321.  Powdered.) 

3          „ 

*  Niccolite. 

Ni  As. 

6.671-7.330. 

Ni  As,. 

7.099-7.188. 

«Smaltite. 

Co  As,. 

'  Skutterudite. 

Co  Aa,, 

'  Whitneyite. 

Cu,  As. 

8.408. 
8.57-8-69. 
8.246-8.471,  21.' 

"  Domeyltite. 

Cuj  As. 

775- 

"  Algodonile. 

Cu^  As. 

13                „ 

6.go2. 

"  AUemontite. 

Sb  Asj. 

6.13. 

IS                   ,1 

6.203. 

"  Tin  arsenide 

Siij  As. 

7.oo[,  18.° 

[See  Dana  for  fuller  infur 

1 

mationupoiiarsenidfs. 

__ \ 

XIII.    ASTIMONIDES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Breithaiiptite. 
M  Tin  antimonide. 
[See  also  tables  for  alloys.] 

determinations  for  Dys- 
crasite,  Ac] 

Sn,  Sb. 

7.541- 
7-07,  19°- 

•Dana's  Mineralogy. 
5  J  Belmeke.  9.  831. 
'IBehncke.  9.S31. 
'Dana's  Mineralf®'. 
'  Breithaupt.  Dana'a  Mine- 
ralogy. 
« Kuse.    5. 83G. 


AUTHORITIES. 

iScheerer.    P.  A.  42.553. 
a  Genth.     12.  771. 

3  Forb«s.    13. 745. 
WGenth.    15.708. 
noenth.    15.708. 
"Genth.  Dana' 3 Mineralogy. 
."Field.    10.655. 


i-.  I       Mill 


's  Ramnielsberg.  I 

"  Bodeker.    20. 

"  Breithaitpt.    Dana's  Jline- 

ralogy. 
"Bodeker.    26. 
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SPECIFIC  GRAVITY  TABLES. 


XIV.  Sulphides 

WITH  Oxides,  Aksexides,  or  Aktimoxides. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Voltzite. 

4  Zn  S.  Zn  0. 

3-5-3.8- 

'  Kermesite. 

2Sb,83.Sb,03. 

4-5-4.6. 

'  Mispickel. 

Fc  S,.  Fe  A^,. 

6.269. 

5.896-5.893. 

6.21 

5,821-6.086, 

5.36-5.66. 

6.095.  ■   In  mass.1 

6,004.  Powdered.! 

6.255- 

"  Gersdorffite. 

Ni  S,.  Ni  As,. 

5.65-5.49. 

"  Cobaltite. 

Co  S,.  Co  As,. 

6.0-6.3. 

"  Pacite. 

Fe  S,.  4  Fe  As,. 

6.297-6.303. 

"  TJllmannite. 

Ni  S,  Ni  Sb,. 

6.352-6.506. 

XV.  B0RIDE8,  SiLicinES,  &.C. 


"  Platinum  boride. 
**  Iron  eilicide. 


PtB. 

Fe,  Si, 


XVI.  Hydrates. 


Name. 

Formula, 

Speciiic  Gravity. 

Boiling 
Point. 

Melting 
Point, 

"  Chloric  liydrate. 
"Perchloric  hydrate. 

>"  Iodic 

HaOj.7H,0. 
H  CI  0,. 
H  CI  0^.  H,  0. 
HIO,. 

1.283,  r4°2, 1. 
1,782,  ,5?5. 1. 
1.811,  50M. 
4.269,  o=. 

50.° 

'Vogl.    6.786. 

•  Dana's  Mineralogy, 

■  Kenngott.  Wien  Ak,9,  R 

*  Weidenbnsch.    6,  837. 
"Vojrel.    8,907. 

"  Belincke,    9, 830. 


AUTHORITIES. 


(  Potyka.     12,  772. 

I  Potyka.     12.  772. 
Forbes.    18, 371. 
Forb*s.    21,997, 
Dana's  Mineralc^y. 
Weisbaob.         \    Dana's 
Kammelabets.  >      Miu. 


"  Martins.  11,  210, 
"Hahn.  17.264. 
"Kammerer,   P.A,  133, 3 

'"Ditte.    2.  F.  C.  13.  303. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point, 

'  Iodic  hydrate. 

HIOj. 

H  1 0,.  9  H,  0. 

4.869,0°.     1 
4.8r6,  5o?8.) 
2,1269,  '3°-s- 

'  Periodic  hydrate. 

HI04.  2H,0. 

UO-" 

=  Sodium         " 

NaHO. 

2.130, 

Na,0.  8H5O. 

1.405. 

6." 

'  Potassium    <• 

KHO. 

2.044. 

'Sulphurous  « 

HiSOj.8H5  0. 

4-° 

"Sulphuric     " 

H,  S  0,. 

1,849,  'o"- 
1.842,  15°- 
1.854,  0^   -) 
1.84.,.."- 
1,834,  24"-  J 

338-'' 

10' 5. 

1=            K                (r    Fiunins 

H,  S,  0,. 

1.9, 

s,  at  o." 

>= 

H,  SO,.  11,0. 

1,784,8.= 

20  5"- 210"? 

8." 

H,S04.2n,0. 

1.62, 

193- 

'"Seleiiic 

H,  Se  0,. 

2,524-2,625. 

*>       fl               « 

« 

2.627.+ tr.  HjO. 

"  Telluric        « 

H,Te0..2H,0 

2.340 

==  Calcium        " 

Ca  Hj  0,. 

2,078 

^  Strontium     " 

Sr  H,  0,. 

SrH,05.8H50 

3.625 
1.396 

"  Barium 

BaH,0,. 
BaH,O,,8Hs0 

4-495 
1.656 

"Mauganese  " 

Mn,  0,.  H,  0. 

4-335 

Manganite. 

^  Turgite. 

2Fe,0,.H,0. 

3.56-3.74.  Ural. 

4.29-4,49-  Fr-  Hof. 

so 

" 

4,681.  Fr.  Horhausen 
4.14.  Fr.  Salisbury 

»=  Gothite. 

Fe,  O3.  H,  0. 

4.,37.Fr.Lostwithiel.. 

="  Limonite. 

2Fe5  03,SH,0 

3.6-4.0. 

"  Limnitc. 

FejOa.  3II2O 

2.69,  Fr,  Cornwall,  1 

AUTHORITIES. 

KDitte.A.C.Phya.(4),21 

22. 

isfMarignac.    6.325. 

Fih 

!JDitte.A.C.PhyB.(4).21 

22. 

13  I  Marigiiac.    6.  325. 

ap  ho      1 

(90. 

»  { Mariguac.    6. 325. 

!6F    h 

•LangloiB.    5.345. 

1=  Watts'  Dictionary. 

"Earn        b  rg 

18,37S, 

spOhol.    12. 

■sWackenroder.    2,249. 

!-H  rmann     D 

a's  Min. 

sHetmes.    16.178. 

"Marignac.    6. 325. 

»Bre   haup 

ana's  Min. 

'Dalton.Watfs' Diction 

ay. 

"Watts' Dictionary. 

Bfli^      ann 

.771, 

« Filhol.    12. 

"Mitscherlich.    P.  A.  9. 629. 

Eruh            J 

2).  44. 219 

sRcrre-    A.  C.  P.  G8,  22 

i. 

w  Fabian.    14.130. 

-iok    Dana 

lineralt^' 

"Ure, 

siOppenheim.    10.213. 

Dana    M      ra 

gy- 

"Filhol.    12. 

"thuich,      8  8 

9. 

"Filhol.    12 
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SPECIFIC  GRA  VITV  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Uranium  hydrate. 

U,  Oj.  H,  0. 

5.926. 

'  Diaspore. 

Al,  0,.  H,  0. 

3-4324- 
3-452- 

3.4S-FromAs;aMmar. 
3.29.     "    Trumbull. 
3.39.    '(    Chester. 
3.343-  '< 

'Gitibsite. 

A1,0,.  3H,0. 

2,387.  1    Ural. 
2.389.  0  Richmond. 

'"  Brucite. 

Mg  H,  0,. 

2.35. 

2-35- 

2.44.  Nemalite. 

2.4.  Fr.  Wermland. 

2,36. 

2.376.  Fr.Orenburg. 

"  Zinc  liydrate. 

Zn  H,  0,. 

3053- 

"    . 

2.677. 

"  Nitric      « 

HNO3. 

1-5543-  "S^S- 
1,522.  12^5, 

86.= 

™     » 

1.552,  15.° 

86." 

^  Nitric  subhydrate. 

H,  N.  0„. 

I.&t2-  iS." 

s.+S-° 

"  Bone  hydrate. 

B,  0,.  3  H,  0. 

^      « 

a 

1.4347-  15-° 

'*  Phosphorous  hydrate 

Hj  P  O3. 

74.° 

"Phosphoric         " 

P,  O5.  3  H,  0. 

1.88. 

"Stibiconite. 

Sb,  0,.  H,  0. 

5.28. 

"  AntJmonie  hydrate. 

Sb,  0,.  5  H,  0. 

6.6.  Artificial. 

"  Lead  dioxide  hydrat*. 

Pb  0.,.  H,  0. 

6.267. 

"Manganese"        « 

Mn  0,.  H,  0. 

2,564-2.596. 

"Bismuth      "        « 

Bi  0,.  H,  0. 

='Coba]tic  hydrate. 

Co,0,.  2H,0. 

2.483. 

"Nickehc 

Ni,0,.2H,0. 

2.741. 

AUTHORITIES. 

iGmelin's  "  Hancibuch." 

"  Nuttnll.    Sill.  J.  (1).  4. 19. 

"  Hurzig  &  Geulher,  A,  C.  P, 

'Haiiy.        lDiLna'3   Miiie- 
'  Dafrenoy.  /     ralogy. 

"Iselstrom.    13.753. 

HI.  170, 

"Hermann.    14,979. 

"Sehiff,    13,41. 

'Smith.    3.  TOR. 

"Beck.    15.718 

»Blum  &  Delffs,      Dana's 

'Shepard.    4.763. 

>«Filhol.    12. 

MinemlOKV, 

"Jaofc9on.ei!l.J.(2).42.I08. 

"Nicklfe.    1,435, 

"  Boullay.       Daiia'a    Mine- 

'Shepard. Sill.  J.  (2).  50. 96. 

iSKirwan.  Gilb,  Ann,  0.  26(!. 

ralogy. 

"Hermann.    1.1164. 

'»  Mitscherlich.  P.  A.  18. 152. 

'« Wernicke. 

»  Silliman,  Jr.    2.389. 

"MUlon.    J.  F,  P.  29. 337. 

"Wernicke. 

J,  F,  P.  (2). 
2,  419. 

'^Mohs. 

1  Weber,  J.  F.  P,  (n,s).  6. 357. 

'"  Wernicke, 

"  Haidinfret.    Dana'a  Mine- 

« Kirwan, 

=1  Wernicke, 

ralogy. 

"Stolba.    10, 667. 

"Wernicke. 

SPECIFIC  GRAVITY  TABLES. 


XVII.  Chlorates  and  Perchlorates. 


Name. 

Formula. 

Specific  Gravity. 

Boiling  1  Melting 
Point.    1    Point. 

'  Sodium  cliloraLe. 
=  Potassium    " 

Na  CI  Oj. 
K  CI  O3. 

2,467. 
2.2Sy, 

2.32643,  4.° 
2.350,  I7°S. 

2.325- 

334° 

'  Silver           n 
« Barium 
'Potassium  perchlo- 

'» Thallium 

Ag  CI  0,. 
Ba  CI,  05.11,0 

K  CI  0^. 
TI  01  0.. 

4430- 
Z.988.  15.° 

2.528-2. 5  so. 
4.844.  15-5- 

XVIII.  Bromates  and  Iodates. 


—                   -= 

Name. 

Formula. 

Point.    1    Point. 

"  Sodium  bromate. 

Na  Br  0,. 

3-339.  '7°5- 

1 

"Potassium     « 

K  Br  0,. 

3.271.  I7°5. 

1 

"Sodium  iodate. 

Na  I  0,. 

4.277,  I7°5' 

KIO3. 

3.979.  I7'^5- 

__ 

2.601. 

= 

XIX.  Sulphites  asd  Hyposulphites. 


Formula.  Specific  Gravity. 


™]pliite.        !]S'a,SO,.10H,0.'  1.56 


"Sodium  bjpo3iilpliiteNa^S,0,.5H,0, 


.672, 
1-736,  io.» 


AUTHORITIES. 


'  Berth  elot. 

'  Bodeker,    26. 

*  Playfair  and  Joule.    14. 

'Kremera.    10.87. 

'  Buignet,    U.  15. 

opohl.    4,59. 

'Schroder.    12,12 


'Bodeker,    26. 

fKopp.    IS,  4.  [217. 

iniloscoe.    Chem.  News.  14. 

"  Kremers. 

"  Kremers. 

I'  Ktemcrs. 


>  10.67, 


f  10.G7. 


iiDitte.A.C.Phy3.(4).21.4B. 
"Buignet.    14.15. 
"  Buignet.    14.  IS. 
"  Kopp.    8. 45. 
"Watts'  Dictionsrj'. 
i»Schiff.    12.41. 
"Buignet.    14.15. 
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SPECIFIC  GRAVITY  TABLES. 


XX.  Sulphates, 
1st.  SIMPLE,  ANHYDROUS  SULPHATES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Poinl. 

Melting 
Point. 

'  Lithium  sulphate. 

Li,  S  0..          2 

310. 

'Sodium 

Na,  S  0..        2 

462. 

645. 

67. 

73- 

640. 

6313- 

597. 

629. 

65606.  4°. 

654-2.658.1^S'4'^ 

674-2.684.1  ■^r.r- 

"        11                « 

'=          11                    n 

693.  m.  of  3. 

"  Pota.^sium      " 

E,  8  0..          2 

636. 
4073- 
400. 
6232. 
880. 
662. 

!1 

"                      2 

640. 
625. 
644.  Cryst.              ) 

^         I              I 

ir                   2 

65;.  After  fusion.) 
653. 

37 

"                   ^ 

658, 
572. 
64s. 

"         11        disulphate. 

K,S,0,.        2 

277- 

210° 

^  Ammonium  sulphate 

(NH,),SO.,    I 

7  SO. 

*"                    U                             11 

[i 

76147,  4=. 

AUTHORITIEg. 


>  Kremers.    10. 67. 

"j-Kremera.     5.15. 

»  Playfair  and  Joule.    11. 

>Mohs.    Sees. 

"FHliol,    12. 

'Thomson,    -i 

1"  Sohroder.     23. 

"(Penny.     8.333. 

'Breithaupt.  t  See  23. 

"Wattson.    See  23. 

"  I  Penny.    8.333, 

'Cordiec.       } 

"Schiff.    20. 

'Thomson.    Ann.  Phil.  (2). 

28.3. 

''Schroder.    23. 

10.435. 

« Jacquelain ,  A.  C.  P.  32. 234. 

=«Buignet.    14.15. 

'  Karaten.    3. 

"Kareten.    3. 

"Stolba.    J.  P.  P.  97. 503. 

8  Playfair  and  Joule.    1 1. 

16  Thomson.    Ann.  Phil,  (2). 

■Filhol.    12. 

10.  4,S5. 

■^Playfiiir  and  Joule.    11. 

'•PlajEiir  and  Joule.    14. 

"Kopp.    a. 

™  Playlair  and  Joule.    14. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

SpeciSc  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Amiiioiiiiim  sulphate 

(SH.),SO.. 

1.7676. 

7^1.78. 

« 

628. 

77i.m.  of  2. 

750. 

140.° 

'  Silver 

Ag,  SO.. 

341- 
322. 
410. 

425- 

"Tlmllium 

Tl,  SO^. 

6 
6 

77- 
603. 

•'Ciildum 

Ca  SO., 

^ 

9271. 
960. 

;;    -          ;; 

I 

3 

969.  Artif.  cryst. 
983,  Anhydrite. 
92,  15°.  Anhydrite, 

''Strontium           " 

Sr  SO.. 

1 

973.  Celcsline. 

- 

9593. 

"        »                    « 

« 

^ 

96. 

»          a                         << 

« 

3 

86. 

»          «                          " 

„ 

3 

962.0'.     . 

"          «                          « 

<. 

3 

927.  Artif.  cryst. 

<s           B                             0 

<, 

3 

5883.  Precipitated. 

M          a                         .1 

.3 

770.                   B 

^          «                          u 

3 

707.                 " 

'^  Barium               « 

Bii  SO.. 

42. 
446- 

3003. 

-   ;;        I 

;; 

4695,  o». 

4773.|Eari..^Ex,™« 

=>   ,. 

" 

AtlTHOitn'IES, 


1  Hassenfratz,     A,  C 

Phya, 

I'Lamy  and   Dcsoloizeaux. 

niohs   1  ^      „ 

28,3. 

Nature.  1. 116. 

'Kopp.    11.10, 

I'  Karsten.    3. 

'  Miim>^     5  9 

>ScliitF.    20. 

"  Naumann. 

-5  k'lriten      3 

isFllhol,    12. 

«Filhol     12 

'Buignet.    14.15. 

I'Manrosa,    5,9, 

"ahroder     23 

'Watts' Dictionary. 

"Schrauf.    15.756. 

"Mobs          J- See  23. 

'Karsten.    3. 

"Fuchs.    15.755. 

"PlBTfair  and  Joule, 

11. 

■»Iire!t3,aupt.      p^^^. 

>»  K'lrHten     3 

'Filhol.    12. 

1  Beudant.            eralnirv. 

■"Sclirodet.    23, 

=1  Hunt. 

^  r  G,  Rose,    P.  A,  75,  409. 
»  I,  G.Rose.    P,  A,  75,409. 

•■Lamy.    15.18C 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Barium  Sulphate. 

Ea  S  0,. 

4.4794-1     Barite   in 
4.4804.1      powder. 

" 

:    1 

'^■^^''^■|  Precipitated. 

II               4. 179-  Artif,  cryst. 

;  4.512.  1    rrecipitates 

7         „                 „ 

4,022.  V     indiiferent 

„ 

4.065.  j      conditions. 

'  Lead 

Pb  S  0,. 

6,298. 

6.169.. 

6.30. 

6.35.  Fr.  Phcenixville. 

6.20.  Fr.  Coquimbo. 

"  Mangiineae  monosul- 

phate. 

Mn  S  0,. 

3.1,  14.° 

"  Iron  monosulphate. 

FeSO,.       '2.841. 
3.138- 

"Cobalt 

CoSO,.         3-S3'. 

"  Copper        " 

CuSO^.         3.63'- 
3,572. 

^'  Zinc              « 

ZnSO,.       j  3-6K1.  m.  of  2. 

"      ,. 

«               3.400. 

"^         U                           .1 

3.400. 

^Magncsiumo 

Mg  S  0..        2.6066. 

11               i  2.706.  m.  of  2. 

"                  1,                  0 

2.628. 

''Mercurous  sulphate. 

Hg,  S  0,.      j  7-560- 

"  Mercuric           «. 

Hg  S  0,.       !  6.466. 

"  AlTiminum        « 

Al,  (S  0,},.  !  2.7400. 

"Alumian. 

Ali0^.2S0,,   2.703-2.7S1. 

AUTHORITIES. 

=     G.  Rose.     P.  A,  75.  408 

1' Smith.     8.£H39. 

^^Karsten.    3. 

'    G.  Rose.    P.  A.  75.  400 

"Field.    14.1022. 

'^Filhol.    12. 

'    G.  Rose.    P.  A.  75.408 

"Bodelter.    26. 

"Karaten.    3. 

*    G.Rose.    P.  A.  74.40B 

ispilhol.    12. 

»  Playfair  and  Joule    11. 

'•  Manross.    5. 9. 

I'Plavfair  and  Joule.    11. 

"Filhol.    12. 

♦(Schroder.    23, 

"  Playfair  and  Joule.    11. 

"  Playfair  and  Joule.    11. 

'  ]  Schroder.    23. 

"  Playfair  and  Joule.    11. 

!B  Playfair  and  Joule.    11. 

■^I.  Schroder.    33. 

"Karsten.     3. 

2»Karsten.    3. 

»Mohs.    See  23. 

"Fiihol.    12, 

S"  Playfair  and  Joule.    II. 

^"Kar^ten.     3. 

"  Playf^ilr  and  Joule.    11. 

=1  Breithaupt.    11.730. 

JJFilhol.    12. 
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2d.  SIMPLE  HYDBATED  SULPHATES. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Lithium  sulphate. 

Li,  S  0..  H,  0. 

2.02. 

'Sodium 

Na,SO,.10H,0. 

469.  m.  of  2. 

4457- 

520. 

350. 

465. 

471. 

4608.1 

4595  J 

'"  Mascagiiite. 

(KH,),SO,.H,0- 

72—1.73. 

"  Calcium  sulphate. 

2CaS0(.  H,0. 
CaSO..  2H,0. 

757- 
322. 
310. 
307.  Gypsum. 

33'-                           i 

in           „                  „ 

317.  m. of  .s. Gypsum.' 

2.3057.                ; 

[Vitriols,] 

! 

"  ManRanese  sulphate 

Mi)S0.,5H,0,'  1.834..                        i 

"•             «                    u 

«              1  2 

095-2.087.                  i 

'"  Iron                   « 

FeSO,.  7H,0. '  1 

857.  m.ofj. 

n      I                        I 

8889,  4.° 
8399- 

"      "                        " 

904.                               i 
884.                               i 

«      „                        „ 

<i 

902. 

"^'ickcl 

Ni  SO,.  7  11,0. 

037- 

93'- 

004.  Morenosite. 

»  Cobalt 

Co  S  0,.  7  H,  0, 

924. 

'"Copper                11 

CuSO,,  aH,o. 

2 

" 

^ 

1 943. 

■Troost.    10.141. 

"  Playfeir  and  Joule.    11. 

'  Hasseiifratz,     A.  C.  Pliye 

*Klhol.    12.  f  10.  435 

'Thomson.    Ann.  Phil.  (2) 

'Sohiff. 

'  Buigoet.    14. 15. 

"fStolba.    J,  F.  P.  97.503. 

»IStolba.    J.  P.  P.  97.  603. 

'"Dana's  Mineral  ogy. 


AUTHORITIES. 

'Johnston.  P.M.|2).  1.5.325. 

'  Leroyer  and  Dumas. 

'Mohs.  [291. 

"  Breithaupt.     Schw,  J.  08. 

spilliol.     12, 

"Kenngott.    0.844. 

"Stolba.    J.  P.  P.  97.503. 

'^Gmelin.    See  5, 

"  Kopp.    5. 

*>  Playfair  and  Joule.    11, 

"  Playfair  and  Joule.    14. 


'' Hasseiifralz.     A.  C.  I'hys. 

2W.3. 
''Filhol.    12. 
1  Sfihiff.    20. 
"Buignet.    14.15. 
=*  Kopp.    5. 
"Schitf.    20. 
™Fulda.    17.859. 
"Schiff.    SO. 

^GmeUn.    See  5.         [28  S. 
"  Haasenfratz.     A.  C.  Pbya, 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.              Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Copper  sulphate. 

Cu  S  0..  5  H,  0. 

2. 297.  Natural. 

2.274. 

2.254. 

2.286. 

2.2901.-) 

2.2433.  \  4.° 

2.2781.) 

2.302. 

2.2778. 

'"  Zinc 

ZiiS0'.7H,0. 

2.036. 
1.912. 
I.931.  m.  of4. 

-     I                 I 

2.036. 
'.953- 
1-957, 
'■9S3+. 

"Magnesium  " 

MgS0,.7H,0. 

1.751- 
1.6603. 
1.674. 

^                   11                    u 

1.660. 

« 

1.6829,  4.° 
I.751. 

"           I            I 

1.685. 
1.675. 

^ 

1.636,   15^5'    Epsomite 

=«                       O                         B 

Mg  S  0..  H,  0. 

2.517.  Kieserite. 

"  Cadmium     « 

Cd  S  0^.  H,  0. 

3  Cd  S  0^.  8  H,  0. 

2.939. 
3.05.  12." 

•*  Chromic       « 

Cr5{80,),.15H,0. 

1.696.  22." 

°*  Coquimbite. 

Fe,  (S  0.)a  9  Hj  0. 

2,0-2.1. 

"  Copiapite. 

2FeA-580,.12H,0 

"  Raimondite. 

2Fe,Oj.3SO,,7HjO 

3.190-3.222. 

°=  Fibroferrite. 

2Fe,03.580,.2;H,0 

1.84. 

AUTHORITIES. 


'Breithaupt.  J.F.P.11.151. 

"Filhol.    12. 

"Buignet.    14.15. 

'Kopp.    5. 

"SchifF.    20. 

"Forbes.    P.  M.  32, 135. 

'  Play&ic  and  Joule.    11. 

i^Buignet.    14.15. 

"Bischof.       Dana'a  Miner- 

•Filhol.   12. 

"Stolba.    J.  F.  P.  97.  503. 

alogy. 

'  rPlayCiir  and  Joule.    14. 

I'Mohs.    Sees. 

''Buignet.    14.15. 

«]play&ir  and  Joule.    14. 

iSHaaaenfiutK.     A.  C.  Phya. 

"Giesecke.    26. 

'IplayfeirandJoule.    14. 

28.3. 

"Schrotter.    P.  A.  63.  513. 

"Bu%net.    14.15. 

"Kopp.     5. 

="  Dana's  Mineralogy. 

"Stolba.    J.  F.  P.  97.  503. 

™  Playfeir  and  Joule.    11. 

''Borcher,      Dana's  Miner- 

"Mohs.    Sees.             [28.3. 

=' Play&ir  and  Joule.    14. 

"  Haaaenfratz.     A.  C.  Phys. 

"Filhol.    12. 

^'  Dana's  Mineralogy. 

"Play&ir  and  Joule.    11. 

"Schiff.    20. 

"Smith.    7.864. 
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SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling  Melting 
Point.     Point. 

'  Aluminum  sulphate. 

Al.,(S0Js.l8H,0. 

1.671.  m.  c 

1.569- 
1. 6-1 .8.  A 

f2. 

unogen. 

*  Aluminite. 

AljO,SO,.9H,0. 

1.66. 

>  Felsobanyite. 

2Al,Oj,SOs.lOH,0 

2.33- 

3d.   ANHYDBOUS  DOUBLE   SULPHATES. 

" 

Boiling 

Melting 

Name. 

Formula. 

Specific 

Gravity. 

Pointf 

Point. 

pliate. 

SaYLB  0(. 

2.742- 

^  Potassium    <-          " 

K  H  S  0,. 

2.. 63. 

2.475-  m 
2.47767, 

of  2. 

4.° 

"Ammonium"          " 

NT  H..  H  S  0.. 

1. 761.  m 

of  2. 

>^              u                 «              " 

1.787. 

"  Sodium  potassium  " 

JKi8  0..NajS0.. 

2.668.  Pulv.crysC.l 
2.67i.Aft.fusion.J 

'•             ic                        «                CI 

■^Ammonium"          « 

N  H,.  K  S  0,. 

2.280. 

"Glauberite. 

Ca  S  0,.  Na,  S  0.. 

2.767. 
2.64. 

I'Dreelite. 

Ca  S  0^.  3  Ba  S  0. 

3-2-34- 

"  Potassium  aluminum 

8ulphat«. 

Al  K  (S  0,),. 

2.228.  m 

of  2. 

'"Ammonium  aluminum 

sulphate. 

NH^.A1(S0J,. 

2.039- 

"  Manganese  potassium 

sulphate. 

Mn  Kj  (S  0^),. 

3.008.  m 

of  2. 

**  Nickel  potassium  « 

m  K,  (8  O,),. 

2.897.  m 

of  2. 

^Copper       -_ 

Cu  K,  (S  0,),. 

2.797-  m 

of  2. 

Cu(NHJ,{80Jj 

2.197- m 

of  2. 

"Zinc  potassium      « 

Zn  K,  (S  O4),. 

2.816. 

»     "    ammonium   « 

Zn(NH4)j(S0,K 

,2.222. 

"Magnesium  potassium 

Mg  K  (S  0.)>. 

sulphate. 

2.676. 

AUTHORITIES. 

■PlayfaitandJoule.    11. 

"  Playfair  and  Joule.    14. 

"  Playfair  and  Joule.    11. 

>Pi!hol.    12. 

"  Playfair  and  Joule.    11. 

»>  Playfair  and  Joule.    U 

'  Dana's  Mineralogy. 

I'Schiff.    20. 

1  Play&ir  and  Joule.    1! 

'  Dana's  Mineralogy 

"  /  Penny.    8.  333. 
»  I  Penny.    8.333. 

'^PlayCiir  and  Joule.    11 

sKeniigott.    7.863. 

==  Playfeir  and  Joule.    11 

'Playtmr  and  Joule.    11. 

isSchiff.    20.                   [201. 

« PlayfaitandJoule.    U 

'Jacqnelain.  A.C.P.32.234 

I'Breittaupt-    Scliw.  J.  68. 

=5  Playfair  and  Joule.    11 

'Thomsen.    Ann.  Phil.  (2) 

"Ulex.    2.  77C. 

»  Playfair  and  Joule,     11 

10.435. 

"  Dufreuoy.  A.  C.  Phys.  (2). 

"Playfair and  Joule.    11 

tPIayfair  and  Joule.    11 

60. 102. 
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SPECIFIC  GRAVITY  TABLES. 


4th.  HTDBATBD  DOUBLE  SULPHATES, 


Name. 

Formula. 

Specific 
Gravity. 

Boiling' Melting 
Point.  ;  Point. 

'Ammonium  sodium 

sulphate. 

N  Hj.  Na  S  0..  2  H,  0. 

1.63. 

'  ilanganese    ammoni- 

um sulphate. 

(NHJsMn(S0,)j.6H,0,  1.930. 

K,  Fe  (S  0.),.  6  H,  0. 
(NH,)5Fe(SO.),.6H,0 

189! 

848.  m.  of  2. 

813- 

'Nicl^elpotasamm  « 

K,  Ni  (S  0.),-  (i  H,  0. 
(NHJ,Ni(S0,),.6H,0 

,11-2.136. 
783.) 

921.) 

"  Cobalt  potassium  « 

K,Co(SOJ,.  CH,0. 
(NII,),Co(SOJj.GH,0 

154- 
873- 

"  Copper  potassium  « 
'^       "   ammonium  " 

K,  Cu  (S  OJ,.  6  H,  0. 
(5"II,),Cu(S0.),.6H,0 

244.  m.  of  2. 
16376.  4.= 

756-1.757- 
891.  m.  of  2. 
89378,  4-° 

93'- 

=' Zinc  potassium      « 

K5  Zn  (S  0.),.  6  H,  0. 

'53- 
245- 

24034,  4.- 
'53- 

"      "     -iMmonmm    . 

(KHJ,Zo{S04),.(;H,0'i 

897.  m.  of  2. 

"Cadmium  potassium 

sulphate. 

K,  Cd  (S  OX-  C  II.  0- 

2.43S. 

"  Cadmium  ammonium 

sulphate. 

(NH.),Cd(SC\),.CH,0 

2^73- 

ATJTHORITIES. 


'  Selnir.     A.  C.  P.  114.  (!S. 

'"  Kopp,    5. 

'=Sdiiii,    20, 

'Thomson,    See  20,  or  5. 

"Schiir,    20. 

'"Kopp,    .■>, 

spiayfeir  and  Joule.    11. 

I'SchilF.    20, 

"Playlair  and  Joule.    11. 

•SciiifF.    20. 

I'Playfflir  and  Joule.    11. 

''PlayMr  and  Joule.    14. 

splavlair  and  Joule.    11. 

"  Playfeir  and  Joule.     1-1. 

=»Sfihiff,    20. 

>Sohiff.    20. 

"Schiff.     20, 

"Plavfair  and  Joule.    11. 

'Kopp.    5. 

"Kopp,     5, 

«>SchifF.    20. 

«  (  Kopp.    5, 

"  Plavfair  and  Joule,    11. 

="Sehiir,    20. 

nKopp.    5. 

■epiayairandJoule.    14. 

"Schiff.    20. 
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SPECIFIC  GBAVITT  TABLES. 


Specific 

Boiling 

Melting 

Name. 

Formula. 

a'„i,y. 

Point 

Point. 

'  M^iieaiiim  potassium 

sulphate. 

Kj  Mg  (S  0.},.  6  H,  0. 

2.076.  m.  of  2. 
2.D53I9,  4-° 

1.995. 

'          11  ammnnmm  " 

(NH.)jMg(8O0,.0II,O 

1.696. 

1,71686.4.° 

s          «             "        " 

" 

„ 

1.680. 

8          «               .         « 

1.762. 

'  Lcewite. 

2MgSO,,2Na,SO,.5H,0 

2.376. 

"Fauserite. 

MgSO,.2MnS0^.15H50 

1.88. 

"Magnesium  iron  guI- 

phate. 

MgFe(SO.),.  14H,0. 

!-733- 

"           "    copper     « 

MgCu(S0,)j.l4H,0. 
MgZn{8  0,),,14H,0. 

I.813. 
I.817. 

"           B  cadmium  « 

MgCd(S0,),.14H,O. 

..983. 

[Alums.] 

'* Sodium  alum. 

AlNa  (3  0,^12  11,0. 

1,641. 

"       « 

;  1.S67. 

"  Potassium  ic 

AI  K  (S  OJj.  12  H,  0. 

1-753. 
1.7109. 
1.724. 

'"           a            K 

1,736,  m.  of  4. 
1.75125.4-° 

'^          I           I 

„ 

1-757. 

'»               «                H 

« 

1.7505. 

'^Ettbidium  alum. 

Al  Rb  (S  0.),.  12  H,  0. 

1.874- 

^'CfGriium          « 

AICs(SO.),.  12H.,0. 

2.003. 

'^Ammomum  " 

A1(NH.)(S0,),.12II,0 

1.602. 
1.625.1 
1.626.; 

S9                   «                      <• 

™ 

■          !■-"'■ 

^^= 

AUTHORITIES. 


'PlaylairaiKlJoule.    U. 

"Scliiff.    20. 

"Schiff.    20. 

spiavtairandJoule.    14. 

"Scliiff.    20. 

"Sdiiff.    20. 

"Stolba.    J.  P.P.  07 

isSchitF.    20. 

'5  Hcdtcnliaciliei-.    Wie 

1.  Ale. 

spiavfairandJoale.    11. 

I'Buignet.    14.15. 

spiavf^andJoule.    14. 

"  Dufretioy. 

'Sthiff.    20. 

'«Hassenfrata.      A.  C 

Phy3. 

51.  24S. 

»Buignet.    14.15. 

28.3. 

"Breithaupt.  J.F.P. 

1.151. 

"Kopp.    5. 

'»  (  Kopp.    5. 

""  Breithaupt.    18.901. 

Tlavfalraiid  Jfiule. 

HilKopp.    5. 

"Schiff.    20. 

siPlayfiurandJouie. 

14. 

=»  Playlair  and  Joule. 

11. 
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SPECIFIC  GRAVITY  TABLES. 


'  Ammonium  alum. 
'  Potassium  chrome  alum 


Al(NH.)(SOJ,.12HjO. 
Cr  K  (S  OJj.  12  H,  O. 


Cr(NH.)(S0.)rl2H,0. 
Fe(NH,)(S0,)j.l2H,0. 


"  Jarosite. 
"  Aluuite, 
"  Lowigite. 


KjS0^.4Fe,SOj.9H,0, 
Kj80i.3Al,SO,.6HjO. 
K,SO,.3Al,SO,.9HjO. 


6th.  BASIC  AND  AMMONIO-SUIJ-HATES. 


Name. 

Specific 

Boiling 

Melting 

"Turpeth  mineral. 

Hg  S  0..  2  Ilg  0. 

8.319. 

"Basic  copper  sulphate.  4  Cu  0.  S  O3.  4  Hj  0. 

3.082.  m,  of  2 

'^     "     zinc             « 

4  Zn  0,  9  0,.  4  H,  0. 

"Linarite. 

Pb  8  0,.  Cu  H,  0^ 

"  Brocliantito.    ") 

2  Cu  S  0..  5  Cu  H,  0,. 

3-78-3.S7. 

'■      ■ 

" 

3.9069- 

"Warmgtomte.  J 

« 

3.39-347. 

■"Langite. 

CuSOi.3CuH30,.H,0. 

"  Silver  ammomo  sul- 

phate. 

Ag,  S  0..  4  N  H,. 

2.918.  m.  of  2. 

"Copper        «           " 

Cu  S  0..  2  N  Hj. 

-I             II 

CuSO,.2NH,.3H,0. 
Cu  S  0..  4  N  IIj.  H,  0. 

I -950-  „ 

-■790.  {^^ir. 

™  Zinc 

Zn  8  0..  2  N  H,. 

2.479. 

"  Tetramercurammoni- 

N,  HgJ  8  0,.  2  H,  0. 

um  sulphate. 

AUTHORITIES. 


■Schiff.    20. 

"  Gaiitier-Laeroze.    IG.  S33. 

"Maakelyne.    IS.  903. 

'Buigoet.    14.15. 

"Riinier,    9.  S77. 

™Moskelvne.    18.901. 

'Kopp,    5. 

"  Playfair  and  Joule.    11. 

^  Playfair  and  Joule.    11. 

'Play&Jrand.Toule.    11. 

"Playfoir  and  Joule.    11. 

'^PlavfMr  and  Joule.    11. 

'Playtair  and  Joule.    14. 

15  Playthir  and  Joule.    11. 

''Playfair  and  Joule.    11. 

"Schiff.    20. 

"Brooke.     Ann.  Phil.  (2). 

"Playfeir  and  Joule.    11. 

'Sohrotter.    P.  A.  63.513. 

4. 117. 

='  Playfair  and  Joule,    11. 

*Kopp.    5. 

"  Magnus.    Dana's  Min. 

«Plavfii!r  ana  Joule.    11. 

'  Plavfair  and  Joule.    11. 

I'G.  Rose.    Dana's  Min. 

"  Playfair  and  Joule.    11. 
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SPECIFIC  GRAVITY  TABLES. 


XXI.    Selenites  akd  Selekates. 


'  Mercury  sub-seleoite. 
'  Barmm  selenate. 


3Hg,0.4ScOi. 

Ba  8e  0^. 

Pb  8e  0.. 

Y  Se  O^.  3  H,  0. 

AlK(SeOJs.l2H,0. 


7-35,  n'-S: 
4,67,  22." 
6.37.  22." 
2,6770. 
1.971- 


XXII.  Chromates. 


""  Silver  chromate. 
"Barium        " 


(N  H,),  Oj  0,. 
K5  Or,  Oio. 


Ag,  Cr  0,. 
Ba  Cr  O,. 


JKohler.    6.380. 
!  Schafarik.    28. 
'Schaferik.    28. 
^/aeveandHoeglnnd.  B. 
t     S.  0.18. 389. 
>R.  Weber.    12.91. 
'  Thomson. 
'  Kacsten.    3. 
'Kopp.    6. 


AUTHORITIES. 

'  Plavfair  and  Joule.    11. 

"  t  Playfair  and  Joule,    14. 

1 1  Playfair  and  Joule.    14, 

'Schiff.    20. 
HStolba.    J.  F,  P.  87.503. 

•Karsten.    3. 
"  Playfair  and  Joule.    1!. 
16  Play&ir  and  Joule.    14. 

'Schiff.    20. 


8  (  Stolba-    J.  F,  P.  97.  503. 

»\Stoiba.   J.  F.  P.  yr.  50a. 

"Schiff.    20. 

"  Playfair  and  Joule.    II. 

=  Bothe.    2. 272. 

^  Playfeir  and  Joule.    11. 

!'  Bodeker  &  Giesecke.    26. 

«Scliafarik.    28. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Foiniula. 

Specific  Gravity 

Boiling  Meltingr 
Point.  1   Point. 

'  Lead  cliromate. 

Pb  Cr  0.. 

5-95- 
6.ii8.Artif.cryst. 

''  Phcenicochroitc. 

3  Pb  0.  2  Cr  Oj. 

*Basic  lead  chromate. 

2  Pb  0.  Cr  0,. 

6.266. 

'Chromic  chromate. 

2  Cr,  0,.  Or  0,. 

4.0,  I0.° 

*  Copper  chromate. 

Cu  Cr  0,.  5  H,  0. 

2.36Z. 

*Ziiic              " 

Zn  Cr  0,.  7  H,  0. 

2.096. 

'"Magnesium  chromate. 

Mg  Cr  0^.  7  H,  0. 

1.66,  15." 
i.?S.  iz-" 

"Silver  ammonio  « 

Agj  Cr  0,.  4  N  H,. 

3.063.  m.  of  2. 

XXIII.  Maxganates  and 

Permanganates. 

Name. 

Formula. 

specific  Gravity. 

Boiling  Melting 
Point.     Point. 

"  Barium  manganate. 

Ba  Mil  0,. 

4.85.  33.= 

"Potassium  permanga- 

nate. 

K  Mn  0^. 

2.709.1 
2.710.J 

XXIV.    MOLYBDATES. 


5.706,  Wulfenite, 

6,76.  " 

6.95. 

8.11.  Artif.  crvst. 


AUTHORITIES. 


'  Breithaupt.  / 

^Kopp.     A.  C.  P.  42.  97, 

"/Kopp.    16.4. 
■s  1  Kopp.    16.  4. 

»Kopp,     A.  C.  P.  42,97. 

'  Playfoir  and  Joule. 

11. 

'"Kopp.    A.  C.  P.  42.67. 

"  Hatcliett. 

*  Manross.    6. 12. 

UBodeker.    26. 

"  Haidinger, 

"Dana'a  Mineralogy. 

"PlavfMr  and  Joule.    11. 

"Smith.    8.963. 

Tlavfair  and  Joule. 

11. 

"Schaarik.    2S. 

i»Manro3a.    5.11. 

'Geuthcr.    14.242. 
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SPECIFIC  GRAVITY  TABLES. 


XXV.    TUNGSTATES. 


Formula. 


Specific  Gravity. :  pointf    Poi 


Potassium  tungsieii 

lungstatp 
Calcium  tungstate. 


;odiuin  tungstate  3  Na,  0.  7  W  0^. 

«  metatunffstftte  N  aj  W,  Oi,.  10  H.j  O. 
0  tungsten  tuughtite  ^  1,0.  W  O,.  2 W  0^, 
Nfl,0.2WO,.2WOs. 


K  W  O,.  4  W  0^, 
Ca  W  U^. 


Barium  metatungstate  15a  W,  Oi,,  9  Hj  O. 
■  Lead  tungstate.  Pb  W  0.. 


Manganese  tungstate. 


Scheibler.  14.216. 
Schabler.  14.216. 
Sclieibler.  U.  219. 
Wrigbt.  4.  34S. 
■Scheibler.  14.223. 
■Zettnow,    20.224. 

Karslfin.    3. 

Meissner. 

Choubine.lgee23. 
'Carriers,     i 
I  Rammelsberg.    3.  71 
■  JIanross.    5.  II. 


Mn  W  0.. 
Fc  \Y  0.. 


2MnWO,.3FeWO, 
Fe  \V  O,.  4  Mn  0^. 
SFeWO^.SJInO^ 

Miacellaneous  furmulo 


5.4983. 
3.987,  14." 
3.8467,  13." 
6.617. 
7.3S3. 

7.6. 

6.04.  Sche elite. 

6,03. 

6.05. 

6,03.  Scheelite. 
6,076,  Aitifcrys' 
6.02.  Scheelite. 
4.298,  14-° 


7.87.  Fr.  Chili. 

5.7.  Artificial. 

7.14.  Hiibnerite 

7.1.  Aviificial. 

7.169.  Ferberite. 

6,801. 

7,0.  Artificial. 

6.67. 

7.191. 

7- '89-7.535- 

7-I-7-55- 


AUTHORITIES. 
"  BCTWiulh     13  7Sj. 
"Scheibler     1*  220 
"•  Gmelm 
I"  3>oiihard 

■'  (Kemdtf     T  F  P.  42. 113. 
iBlKemdt     J  F  P.  42.113. 
'*  I  Manross     5  11 
^\  Mfliirc«s     5  11 
«  flmpmaii     G  S37 
'"Geuthec  &.  Forsberg, 


[124, 


''Gmther  &  Forsbei^,      14. 

224 
==  Eammeliberg     17. 855. 
^  Breithaupt      Dana's  llin- 

eralogv 
"  Geuther  i.  Foi^bci^.      14, 

224 
'SPoppIein.        1        Dana's 
" Sebaffgotsch.  I  Mlnerali«r; 
«  SelmffeotSCh.  |  which  see  for 


«  BreitbdUpt   Sill  J.  (2,)  4! 
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SPECIFIC  GRAVITY  TABLES. 


XXVI.  Borates. 


Specific 

Boiling  Melting 

'  Sodium  diborate. 

Na,B,0, 

Na,  B,  0,.  5  H,  0.                  I 

Na,  B,  0,.  10  Hj  0.               I 

367. 
815. 

723, 

716. 

74- 

730.  m.  of  2. 

692. 

692. 

7156. 

"Potassium    « 

K,  B.  0,.                                I 

740. 

"  Lend  bomte. 

Pb  B,  0,                                5 

S98.lFus^Lc 

"    «  hydrogen  borate 

Pb  H  B,  Oj.                           5 

"Magnesium       o 

1%.B,0, 

987.  Cry  St. 

"Didymium 

6  Di  0.  B,  Oj.                        5 

825,  14.° 

"Magnesium  chro- 

mium borate. 

8  Cr,  0,.  6  Mg  0.  2  Bj  Oj.     3 

82.  Cryst. 

"Magnesium  iron  bo- 

rate. 

3  Fe,  0,.  G  Mg  0.  2  B,  Oj.    3 

is.  Cryst. 

"Szaibelyite. 

:5  Mg  0.  2  B,  O3),.  4  Hj  0.  3 

'^  Hydroboritcite. 

3Ca0.3Mg0.8BA-18H,0  1 

9- 

XXVII.  Nitrates. 
1st.   SIMPLE,  ANHYDBOXTS  NITBATES. 


"Lithium  nitrate. 
''  Sodium        B 


Li  K  Oj. 

Na  N  O,. 


>Wattaon. 

'  Hassenfratz.     A.  C.  Phys 


AUTHORITIES. 

'  Playfeir  and  Joule.    1] 

'Filhol,    12. 

sBuigiiet.     14.15. 
'"  Stolba.    J.  F.  P.  97.  50: 
"  Buigiiet.    14. 15. 
"Herapath.    3.227. 
"  Herapath.    2.  227. 


'=  Ebelmen.  4, 13. 
"  Ebelmen.  4. 13. 
1'  Peters.  16.  836. 
"Hess.  P.  A.  31.49. 
">  Kreiners.  10.  67. 
"  Troost.  10. 141. 
"Klaprotli.  See  5. 
"  Marx.    -See  6. 
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SPECIFIC  GRA  VITY  TABLES. 


Sodiuiii  nitrate. 


Formula. 
Ka  N  Oj. 


"  Potassium  nitrate.        !  K  N  Oj. 


Specific  Gravity. 


^  Animoniimi  < 


S6. 


.058. 
078.   -1 

.09584.  U". 
.0(557. ) 

og.  Lat^c  crystals. 
:43.  Small       " 
132.  After  fusion. 


.0845- 1 
.0904- 1 


AUTHORITIES. 


iHassenfratz.     A.  C.  Phys. 
SKopp.    &.  [28.3. 

'  Karaten.    3. 
*  Playftiir  and  Joule.    11. 
splayfaic  and  Joule.    14, 
°  Person.    1.  73. 
'PIlliol.    12. 
eSchaffgotsch.    84. 
'Schroder.    23. 
'"  Subnet.    14.15. 
"Kopp.    ie.4. 
"Forbes.    P.  M.  (41.  32. 135. 


'Hayes.  Dana'sllineralogy. 
'  Wattaon.    See  5. 
i  Haaseiifratz.     A.  0.  Phys. 
'Karaten.    3.  [28.3. 

'  Kopp.    6. 

»  Playfeir  and  Joule.    11. 
'  (  Playfair  and  Joule.    11. 
and  Joule.    14. 
■  and  Joule.    14. 


'  J  Playfai 
1  jpiayft" 


s  J  Grass! 
'  ( Qra.^i 


1.39. 


i  Person.    1.73. 
°Scha%o(sch.    84. 
'Schiff.    25. 
s  Schroder.    23. 
*  Buignet.    14. 15. 
"  Kopp.    16,  4. 
'(SWlba.    J.  F.  P.  97.503. 
UStolbfl.    J.  P.  P.  97.  503. 
^Watts'  Dietioiiary. 
i' Hassenfratz.      A.  C.  I'bys. 
28.3. 
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SPECIFIC  GBAVITY  TABLES. 


'  Aininoiiiiiiii  nitrate,     i  N  H,.  N  0^- 


"  Thiilliuin.  iiitnite. 


Ca  K,  Og. 
Sr  N,  Of 


2.S57, 
2,962.  , 


3.284.  m 


AUTHORITIES. 


'Kopp.    5, 

"  \  Schroder,    23, 

^Buignet.    14.15. 

» I'layfair  and  Joule.    11. 

"laniy.    15.186. 

"  Hassenftats.     A.  C,  Phys. 

■Schroder.    23. 

•sCrookes.    16.252. 

28.3. 

•Schift    25, 

"^I.amy  and  Des  Cloiaeaux, 

"Karsreii.    3. 

"  ISuignet.    li.  15. 

Nature,  1. 116, 

"  Playfair  and  Joule,    11. 

»Stolba.    J.  F,  P.  07. 503. 

"Filhol.    12. 

'5  Playfeir  and  Joale.    14. 

'Karsten.    3. 

"Kremera.    10.67.       [28,3, 

>»  Filhol.    12. 

« Plavfair  aiid  Joule.    11, 

"Hassenftutz.     A,  C,  Phyg. 

sffKremera.    5.15. 

»Pohl.    *.59. 

™  Karstcn.    3. 

"  t  Kremere.    5. 15. 

"  Plavfair  and  Joule.    11. 

"Schroder.    23, 

"  \  Schroder.    23. 

"Pilhol,    12. 

"BuiKiiet.     14.15.         [23.3. 

"(Schroder.    23, 

s^  Schroder,    23. 

"  Haseeiifratz.     A.  C.  Piiys. 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

B  oiling 
Point. 

Melting 
Point. 

'  Lead  nitrate. 

Vh  N,  Oe. 

4.769- 

4.3998. 

4.340. 

4.316,  m.  of  3. 

4.472.  4.° 

4.581. 

4.429.  ^ 

4.423-  [ 

4.509.  J 

4.235- 

2d.  HYDRATED  NITEATBS. 


Name. 

F=™„1.. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

CaK^Oj,  4H,0. 

1.78. 

,.90,i5°S.M 

132.° 

44.° 

"Strontium    " 

Sr  N,  0„.  5  H,  0. 

2.113. 

■^Manganese  " 

3In  K,  O^.  6  H,  0. 

I.S199,  2I.°S.) 
I.SI04,  2l.°l.f 

129^5. 

,5-8. 

Ni  N,  O5.  6  H,  0. 

136?7. 

S6!7. 

"Cobalt 

CoN,0,.  6H,0, 

1.83.  14.° 

■''Copper         « 

Cu  K,  0,,  3  II,  0. 

2.174. 

^        «             « 

2.047.  1".  of  3- 

1, 

170.° 

I14-5- 

*=  Zinc 

ZnN,0,.6H,0. 

13'-'' 

36'4. 

™  Magnesium  " 

Mg  Nj  Oj.  6  Hj  0. 

1.464. 

90.» 

"^  Cadmium    « 

Cd  N,  0.,  4  H,  0. 

133-" 

S9'!. 

'^  Mer<iiirou3  « 

Hg  N  0,,  Hj  0, 

4.785.  m.  of  3. 

"  Mercuric      « 

Hg  N,  0,.  8  H,  0. 

*'  Gluciiuim    11 

Gl  N,  Oj.  3  H,  0. 

AUTHORITIES. 


1  Breithuupt.      Scliw.  J.  68. 

'"Bwifinet.    14.15. 

=»  I'layfair  and  Joule.    11. 

"Filhol.    12. 

=  K     ten     3 

"(Ordway.    12.115. 
"tOrdway.    12.115. 

'^Ordway.    12.113. 

«Kopp. 

Tlayfair  and  Joule.    11. 

HFilLol.    12. 

K  Ordway.    12.113. 

?  Playfair  and  Joule.    14. 

"(Ordway.     13.  US 

oil*. 

"tOrdway.     12, 113  to  114. 

Mplayfair  and  Joule.    U. 

"Ordway.    12.114. 

'"Bodeker.    26. 

[in.  3- 

»  I  Schroder.    23. 

■•Hassenfrata.     A.  C.  Phys. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravily. 

Boiling!  Melting 
Point.  ;   Point. 

'Lanthanum  nitrate. 

La  N,  0„.  3  H,  0. 

120.' 

'Chromium        - 

Cr,Oj.3N,Os.l8H,0. 

i25»5. 

37-° 

'Iron 

Fe,0,.3N,Os.l8H,0 

..6835,  2..=  S.) 
1.6712.1. 

125." 

47''2. 

"Aluminum        « 

AI,0,.3N,05.1SH,0. 

*  Uranium           ii 

U,  O3.  N,  O5.  G  H,  0. 

2.807,    13." 

118." 

59"  5- 

"  Bismuth 

Bi  N,  0„.  5  H,  0. 

2.736.m.or2. 

3d.  BASIC  AITD  AMMONIO  NITBATES. 


Name. 

Formula. 

Gravity. 

Boiling  Melting 

Point.  '   Point. 

"Basic  copper  nitrate. 

3  Cu  0.  N,  0;.  II,  0. 

2.765.  m.of3. 

"     «     mercury     « 

2HgO.N,0,.2H,0.'4-242 
IIg,0.4HgK03.3H,0.  5.967 

'^     «     lead 

2  rb  0.  N,  Oj. 

"     "     bismuth     « 

Bi,  Oj.  N,  Oj.  H,  0, 
Bi,  Oj.  Nj  Oj.  2  Hj  0. 

4-SS' 
5.260 

mofs 

"Copperammonio-nitrate 

Cu  N.,  Os.  4  N  H,. 

1.874 

m.of,. 

"  Mercury       «             « 

2HgO.IIgN,0,.2NH, 

S'W 

XXVni.  Phosphates. 
let.  ANHYDBOnS  OBTHOPHOSPHATBS. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Potassium     dihydrogen 

phosphate. 

K  H,  P  0^. 

2.298. 

»           a               « 

2.403. 

"  Ammonium  dihydrogen 

phosphate. 

(N  H,}  H,  P  0^. 

1.758. 

"  Diammonium  hydrogen 

phosphate. 

(NHJ,  HPO,. 

1. 619. 

AUTHORITIES. 


»Ordway.    12.114, 

'Schultz-Sellack.  Z.F.C.13. 

"Playfair  and  Joule.    11. 

sOrdway.    13.114. 

646. 

"  Playfair  and  Joule.    11. 

"(Ordway.    12.114. 
nOrdway.    12.114. 

'PlayEiir  and  Joule.    11. 

"  Playfair  and  Joule.    11. 

■•Playfair  and  Joule.    11. 

I'Schiff.    25. 

SOnhvay.     12.114. 

"  Playfair  and  Joule.    11. 

'» Buignet.    14. 15. 

■Biideker.    20. 

"Playfeir  and  .loule.    11. 

''Schiff,    25. 

'Ordway.     12.114, 

"  Playfiiir  and  Joule.    11. 
"PlayMr  and  Joule.    11. 

■^'Sohiff.    25. 
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=^^= 

— 

Name. 

Formula. 

Point. 

'  Diammonium  hydrogen 

phosphate. 

(N  HJ,  H  P  0,, 

»Trisilver  phosphate. 

Ag3P0,. 

7,300. 

TI3  P  0,. 

*  Thallium  dihydrogen  « 

4733' 

«  Lead  phosphate. 

Pbj  P3  0,. 

7,208.          ■ 

'  Xcnotime. 

3  Y  0.  P,  Oj. 

4-557- 
4-54. 
4.45.1 
4-5'-) 

11         „ 

„ 

4,39.  Caslelnaudiic, 

'■^  Cryptolite. 

3  Ce  0.  P,  0,. 

4.6. 

4.78.  Phcisphocerilc. 

2d,  HYDRATBD  OBTHOPHOSPHATES. 


Name. 

Formula. 

Gravity. 

Boiling 

Melting 
Point. 

"TrUodium  phosphate. 

Kaj  P  0,.  12  H,  0. 

1.622. 

1.618. 

77." 

'■  Disodium  hydrogen 

phosphate. 

Na„  II  P  0,.  12  H,  0. 

i.S'4. 

1.525.  m.  of  3. 

36'^4. 

» 

" 

1.586,3.=' 

35." 

« 

« 

1.550. 

"            a                     - 

1.5235.  '5° 

"Dihydrogen  sodium 

phosphate 

Na  11,  P  0^.  Hj  0. 

2.040. 

204.° 

i"  Triple  phosphate.  No.l 

NH4.NaHPO,.4H,0 

1.554- 

1.6151.  Slereoritt 

AUTHORITIES. 


'  BHignet.    14. 15. 

*Hoffrnann's  Tables. 

'Lamy.    18.247. 

♦Laniy.    18.246, 

si.aniy  and  Des  Cloiaeaux. 
Nature.  1. 110. 

•HofTmann's  Tallies. 

'  Berzeliua.  Dana's  Mine- 
ralogy. 

8  8iuitli.    7.857. 


»(Zchan.    S.966. 

1"  I  Zchau.    8.  9fi6. 

"  Damour.    10.  686. 

laWoliler.    P.  A.  67. 424. 

"  Watts.    2.  773. 

"  Playfiiir  and  Joule.    II. 

'5S(..liiff.    2S. 

'^Watts'  Dictionary. 

IS  Playfair  and  Joule.    11. 


"Person.    1.72. 
™  Kopp.    8.45. 
"Scliiff.    25- 
"Bnignet,    14, 1,'i, 
oStolha.    J.  P.  r.  97.  503. 
«8chiff.    25. 
"Watte'  Dictionary. 
s«Schitf.    25. 
"  Dana's  Mineralogy. 
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Kame. 

Formula. 

Specific 
Gravity. 

Boiling' Melting 
Point.  1   Point, 

'Triple  phosphate. 

No.  2. 

K  Ka  H  P  0,.  7  H,  0. 

1. 67 1. 

'Dithallium  hydro- 

gen phosphate. 

2(Tl5HPO,).HjO. 

145.° 

'  Bnishite. 

Ca  H  P  0,.  •!  H,  0. 

2.208. 
2.953-2.999. 

'  Metabrushite. 

2  (Ca  H  P  0.).  3  H,  0. 

2.288-2.362. -1 
2.97I-3.030-J 

'          ■      Zeugite 

IC 

'  Struvite. 

N  H,  Mg  P  O4.  G  H^  0. 

1.65. 

'Vivianite. 

3  Fe  0.  P,  Oj.  3  H,  0. 

2,58-2.68. 

'"  Dufrenite. 

2  Fe,  O3.  P,  Oj.  3  H,  0. 

3.22;. 
3.293.) 
3.874.  [ 
3.024. ) 

"  Cacoxenif  0. 

2  Fe,  O3.  P,  0;.  12  II,  0. 

3.38. 

'*  Lihethenite. 

Oua  P,  Oj.  Cu  H,  0,. 

3.6-3-8. 

"Tagilite. 

Cu3p,Oj.CuH,0,.2H,0. 

4.076. 
3-5.  a. 

"Ehlitc. 

Cu,F,0,.2CuH,0,.H,0. 

4.131—4-24.1 
4.07— 4.198.x 

i»      « 

« 

«  Berlinite. 

4  (Al  P  0,).  H,  0. 

2.64. 

"  Callainite. 

2  {Al  P  0.).  5  H,  0. 

2.5—2.52. 

"AugeHte. 

2  Al;  O3.  P.,  0,.  3  H,  0. 

2.77. 

°  Turquoise. 

2  Al,  Oj,  P,  0^.  5  II,  0. 

2.426.1_chalchi- 
2.651.1     hm.,.. 

2,621. 

^  Pegaiiite. 

2A1,03.  P,0,.6H,0. 

2.492-2.501. 

"Fischerite. 

2A1,0,.P,05.8H,0. 

2,46. 

''Sphaerite. 

5AI,0,.2P,0,.ltiH,0. 

2.536. 

™  Evansite. 

2Al,0,.P,05.Al,H,Os.l5H,0 

I-939- 

"Trolleite. 

3  a:  P  0,.  Al  H,  0,. 

3.10. 

'■Wavelhte. 

3A1,03.  2Pj05.12H,O. 

2.337. 
2.316. 

AUTHOEITIEa. 


'Scliitr.    25. 

'i  f  Borieky.    20.  999. 

'Sj  Blake.    11.722. 
"t  Blake.    11.722. 

'Laray.    18.246. 

"  \  Borieky.    20.  99!). 

'Moore.    18.908. 

"  1  Borieky.    20. 99D. 

=s  Hermann.     Dana's  Min. 

*JuUen.    18.909. 

"Dana's  Mineralogy. 

sfJulien.    18.909. 
'iJulien.    18.909. 

'E  Dana's  Minerali^y. 

"  Brdthanpt.  1       Dana's 
"Hermann.   |  Minerali^y. 

*  Zepliarovich.     Wien.  Ak. 

'  Teschemacher.     P. 

M.  (3). 

56.(1).  24. 

28.  M8. 

1' r  NordenskioM.    11.  725. 
"1  Nordenskiold.    11.725. 

^Forbes.    P.  M.  (4).  28.341. 

'Slrave.    8.967. 

» Rammelsberg.  Dana'sMin. 

"Haidinger.    Dana'sMin. 

Min. 

■"  Damoiir.    C.  E.  59.  936. 

'>  Eicliardson.     Dana's  Uiii. 
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'  CirroHte. 
'  LazTiHte, 


'  Torbcmitc. 
'  Autunite. 


aAlA-SCaO.SPiO^.SH^O. 
2  Al  P  O,.  Mg  H,  O,. 


2U  A.riOj.  Cu  H,0i.7  H^O. 
2UA-I'20^.CaH,0,,7H,,0. 


3-057- 
3.067- 

2-121 

3.108 

3.329-3-372 
3.4— 3-6- 
3.05—3.19. 

3d.  PYEOPHOSPHATBS. 


Name. 

Fonnula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Sodium  pyrophosphate 
'"Silver             « 
"Thallium        " 

Na.  P,  0,.  10  H,  0. 

Ag,P>0,. 

Tl^  Pj  0,. 

.836. 
5.306. 
6.786. 

XXIX.  Vanadates. 


Name. 

Formula. 

Specific 
Gravity. 

P°oin"f 

Melting 
Point^ 

"  Dechenite. 
"  Deacloizite. 

5.81. 
5.83- 
5-S39- 

ArTHORITIES. 


'  Blomatrand.  Dana's  Mine- 

"Breitliaupt.   Dana's 

Miiie- 

"  Lamy  and  D(s  Cloiseaux. 

ralogy. 

raiogy. 

Nature  1. 116. 

'Fuchs.  Dana's  Mineralogy. 

'  Dana's  Mineralogy. 

"  Bergemann.    3.753. 

'Priifer.  Dana's  Mineralogy. 

"  Tscliemiak.    14, 1021. 

•  Smith  &  Brush.    6.8«. 

5  Playiitir  and  Joule. 

11. 

"Daiiiour.    7.855. 

'"■Watts' Dictionary, 
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XXX.  Arsenites  and  Arsenates. 
1st.  ANHYDBOUS  AESENITBS  AND  ARSENATES. 


Name. 

Formula, 

Specific 
Gravity. 

Bmlmg 
Point. 

Melting 
Point. 

'  Lead  araenite. 

Pb  A3j  0.. 

5.8;.  23-^ 

'Potaasium  dihydrogcn 

arsenate. 

K  H,  As  O.. 

2,638. 
2.832. 

^Ammoniunn'      « 

N  H,.  H,  As  0.. 

2.249. 

*  Hydrogen  diammoni- 

um  arsenate. 

(N  H,),  H  As  Oj. 

..989. 

•Native  nickel  arsenate. 

5  Ni  0.  As,  Oj. 

4.838. 

3  Ni  0.  As,  O5. 

4.982. 

2d.  HryDRATBD  ARSENATES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Sodium  dihydrogen 

arsenate. 

Na  H,  As  0,.  H,  0.      2 

535- 

'Disodinm  hydrogen 

arsenate. 

Na,  H  As  0,.  7  ir,  0.    i 

871. 

::  ■    :  : 

Na,  H  As  0..  12  11, 0.  i 

759 
736 
670 

"Trisodiiim  arsenate. 

Naj  As  0,.  12  H,  0.       i 

K04 
762 

m.of2. 

"Triple  arsenate  No.  1. 

NH,,NaHAsO,.4H,0  i 

^'.i 

»'      «            <.       No.  2. 

KNaHAs0..7H,0.  i 

884 

"Hoemesite. 

Mg,  As,  Ob.  8  H,  0.      2 

474 

"Eri-thrite. 

O03  Asj  Oj.  8  H,  0.        2 

94S 

"Scorodite. 

Fe,0,.  As,  O5.  4H,0.  3 

I. -3.18. 

■"  Adamite. 

Znj  As,  Os.  Zn  H,  0,.    4 

338.  18." 

AUTHORITIES. 


'Schafarik.    28. 

» Schiff.    25. 

15  Schiff.    25. 

s  Schiff.    25. 

1' Schiff.    25, 

'Schiff.    25. 

'"Thomson.    See  11. 

"Haidinger.    13,7S4. 

•SchifF.    25. 

11  Plavf^r  and  Joule.    H. 

"Dana's  Mineralogy. 

'Schiff.    25. 

"Schiff.    25. 

"Damour.       Dana's  Mine- 

'  Bei^emann. 

11 

728. 

"Player  and  Joule.    11. 

ralogy. 

'  Bej^emann. 

11.  728. 

"ScMff.    25. 

i»Friedel.    C.R.  62.692. 

=iGoogle 


SPECIFIC  OnAVITY  TABLES. 


XXXI.  Aktimosites  and  Astimosates. 


3  Ca  0.  Sb,  O3.  Sb,  0^ 


47I4.-1 
4-67  5-i 
5,94. 

4.6—4.76. 
4.707.  Brown. ■! 
5.05.  White,    f 


XXXII.  Carbonates. 
Xst.   ANHYDROUS  SIMPLE  CARBONATES. 


„       .„     ^       •  Boiling     Melting 

Specific  Gravity.       p^j^^^      p„i„,_« 


'  Lithium  carbonate. 


Li.,  C  O3. 


Ag,  C  0,. 
Tl,  C  O3. 
Ca  C  O3. 


.267. 


,6946.  Chalk. 
93'- 


ArXHORITIES. 


ifDamonr.    6.837. 
=  1  Damour.    8. 837. 

'  Karsten.    S, 

«LaTH      15  IM 

'  Plavfair  and  Joule.    11. 

Lamv  and  De^  Cloizeaui 

lopilhol.    V2. 

Nature     1  116 

'  Hermann.     Dana's  Mine- 

"Kareten.    3. 

"  Playfeic  and  Joule.    11. 

sfHeddle.    Dana's  Min. 
slHeddle.    Dana's  Min. 

"Filhol.    12. 

"H'ad.nger  |        j^„^. 

"Karsten.    3. 

'Kremers.    10.07. 

"Kreincrs,    5-423. 
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SPECIFIC  GRAVITY  TABLES. 


Name, 

Formula. 

Specific  Gravity. 

Point. 

Melting 
Point. 

'  Arrsigouite. 

Ca  C  Oj. 

2,931. 

2.938-2.995. 

2-933.  o." 

2.93, 

2.92. 

2,72-2.95. 

2-93- 

2.884.  Mossottite. 

2.932. 

"  Calcite. 

2.7064.1 
2.6987.; 

"      „ 

"      <i 

» 

2.7213.1 
2.7234.  J 

13        „ 

« 

"      ., 

2.815.  Fr.  Stirling,  N.  J. 

16        „ 

2.702.  Cryst. 

19          „ 

2,943,  m,  of  6. 

"          o 

2,72. 

"Strontium  carbonate. 

SrCO, 

3,605. 
3.6245. 
3-613- 
lit.  }Precipitated, 

'*  Barium              " 

Ba  C  Oj. 

4.24. 
4,301. 
4-35- 

='          «                              n 

4.3019. 

59       "                    "     . 

4.565. 
4,216,  "i 

»       II 

4,235.  V  Precipitated. 

^       a                    ,1 

n 

4-373. ) 

='  Lead 

Pb  C  O3. 

6.465. 
6,5, 
6.47. 
6.4277. 

AUTHORITIES. 


"Mohs.    See  23. 

-rEeudant,|        p^„^,^ 

"Mohs.    See 23. 

'  Kopp.    See  23. 

"^Kirwan.    See  23. 
MKarst«n,    3. 

^Nendtwich.    See  23. 

'5  Hochstetter.    1.1222. 

"Fillioi.    12. 

sRi^el.    4.819. 

"Kenngott.    6.847. 

«  (Schroder.    23. 

•  G.  Eoae.    9. 879. 

■'Kopp.    16.5. 

!»  J  ScLriider,    23. 

'Stieren.    9.882. 

'"Mohs,    See  23. 

»"  (Schroder,    23. 

»Luca.    11.732. 

19  Karsten,    3, 

3=  John,  / 

•Schmidt,    18,905. 

="v.  derMsTCk.    3.739. 

■"rKarsten.    3, 
"iKaisteii.    3. 

='  f  Schroder.     23. 

"  Breithaupt. 

'4  Schroder.    23. 

5'Karaleii. 

'"  Breithaupt. 
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SPECIFIC  QUAVITY  TABLES. 


Cadmram 
Magnesium 


Formula.  Specific  Gravity. 


Pb  C  Oj. 
Mil  0  Oj. 


Cd  C  O3, 
Mg  0  O3. 


.60.  Fr.  Phcenixville. 


AUTHORITIES. 

'Smith.    8.972. 

laSmithaon.     Daiia'a  Mine- 

"2 Breithaupt. 

s  Kersten.    Dana's  Min. 
*Kranz.    See  23. 
iGruner.    3.767. 

ralogy. 
"Mohs.    See  23. 
"Karsten.    3. 
"  Naunianii. 

MBr^haupt.    See  23. 
'"  Slarchand  &  Scheerer. 

'  I  Siihruder.    23. 
ejloha.          1 
«Naumann.  \^^_ 

"  Levy.          \       Dana's 
"Haidinger.  i   Mineralogy. 
'"Herapath.    1. 

760. 
^Jenzsch.    6.848. 
^ZepharoYich.    8.075. 
™  Zepliarovich.    18.906. 

I'Kopp.         J 

"  liaiier,  Dana's  Mineralogy, 
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SPECIFIC  GRAVITY  TABLES. 


2d.  HYDEATED  SIMPLE  CARBONATES. 


Name. 

Formula.             Specific  Gravity. 

Boiling  Melting 
Point.  :  Point. 

^  Sodium  carbonate. 

Xn,CO,.  H,0,         I 
Na,  C  0,,  8  H,  0.     i 
Na,  C  Oj.  10  H,  0.  1 

5>. 
423- 
454.  »■  of  4. 

475. 
463- 
4402. 

'Trona. 

2Na2O.3C0,.4H,O  2 

'  Calcium  carbonate. 

Ca  C  0,.  5  H,  0.       I 

783. 
75- 

"  Lanthanite. 

La  C  0,.  3  H,  0,      2 

60s,  20.= 
666. 

Sd.  ANHYDROUS  DOUBLE  CARBONATES. 


Name. 

Formula. 

Specific 
Gravity. 

Point. 

Melting 
Point, 

"Hydrogen  sodium  car- 

bonate. 

H  N'a  C  O3. 

2.192.  m.  of  2. 
2.163. 
2.2208,  15.' 

"         «■  potassium    " 

H  K  C  0,. 

2.092. 
2,180. 

"           11  ammonium  <i 

H  N  H,.  C  O3. 

..586. 

™  Sodium  potassium  " 

K  Ka  0  O3. 

2.5289.1 
2,5633.; 

"         «                   e            cc 

« 

'^Uranium  ammonium 

carbonate. 

UjC05.2((N"H,)jCO,) 

2,7725.  9-" 

AUTHORITIES. 


'  Dana'a  Mineralogy, 
■'Thoniaon.    Ann,  Phil,  (2). 

10. 442. 
"  Haidinger.      Watts'    Dic- 
tionary, 
'  Playfixir  and  Joule.   .11. 
■JiSchiff, 
■«Buigiiet.    .14.15. 


'  Stolba,    J  F,  P.  97.  503, 
'Dana's  Mineralogy, 


*  Pelouze, 

'"  9alm-Horstjnar,    P,  A.  35. 

"Genth.    Sill,  J.  (2).  28. 425. 

"Blake,    6,850, 

"  Playfair  and  Joule.    11. 

"  Buigoet.    14, 15. 


[515.    "Playfair  and  Joule,    11. 
'  Buignet.    14, 15. 
'  Playfair  and  Joule.    11. 
If  Stolba,    18,  Ififi, 
I  (Stolba,    18.186, 
'  Huseruanti.    26. 
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SPECIFIC  GRA  VITY  TABLES. 


'        »        Barytocalcite, 

*  Mangaiiocalcite. 

*  Dolomite. 


Cii  C  Oj.  Ba  C  O3. 


Ca  C  0,.  2  Mn  C  Oj. 
Ca  C  O3.  Mg  0  Oj. 


Mg  C  0,.  Fe  C  0,. 
llg  G  O5.  Fe  O  O3. 


3.718. 
3.76,  15=5. 
3.66. 
3-037- 

2.72. 


2.85. 

3-349— 3-363. 
3.412—3.417. 

3.427- 


3-41- 


4th.  BASIC  OAEBONATEB,  AND  HYDE.ATED  DOUBLE 
CABBOMATES. 


Boiling 

Melting 

Name.                               Formula.              |        Gravity. 

Point. 

Point. 

"Sodium   potassium 

carbonate. 

K  Sa  C  0,.  12  H,  0. 

' 

6334'r^- 

"Gav-Luesite. 

Nai,C0,.CaC0s,5H.,0. 

1 

928-1.950. 

1'  Hydrodolomite. 

CaC0,,2MgC0j.H,0. 

2 

495- 

="            «          Pennite. 

"  Peiicatit«. 

Ca  C  Oj.  Mg  H,  0,. 

^ 

613. 
57- 
634- 

TredazMte. 

2  Ca  C  O3.  Mg  H,  0,. 

=*  Hydromagnesite, 

3MgCO,,MgH,0,.3H,0|  2 

145-2. 1 80. 

"^  Zaratite. 

NiC03,3NiH,Os.4H,0.  2 

57—2.693. 

ADTH0EITIE3. 

1  Thomson.    Dana's  Mi n. 

'Ott     1  1231 

lOTschermik     10  695 

"  Senft     14  102- 

"Breithaupt     P  A  11  170. 

iSBreithaupt     P  A   "0  146. 

JiRotli.  Dana's  Mineralogy 

*Knth.                      „  g 

"Ettlmg     Dana  s  Mm 

■"  Daraonr.    Dana's  Miii. 

isFntzsphe     Dan-isMin 

"  Dana's  Mineralopy. 

WfStolba.    !8.  ICG. 

»  Smith  &  Brush.    C.  R51. 

SHnnt.                        3 

"tstdba.    18.168. 

»SilUma 
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SPECIFIC  GRAVITY  TABLES. 


Cii  C  Oj.  Cu  H,  0,. 


*  Azurite. 

'  Hy  Jrozincite. 


2  Cu  C  Oj.  Cu  Hj  Oj. 
Zn  C  O3.  2  Zn  II,  O,. 


XXSIII.  Silicates. 
let.  ANHYDROUS  SILICATES. 


Name, 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point 

'  Wollastonite. 

Oa  Si  O3. 

2.785-2.895. 
2.805. 

*  Rhodonite. 

Mn  Si  Oj, 

3-63- 
3-63- 

"Granerite, 

Fe  Si  O3. 

"  Enalatite. 

Mg  Si  0,. 

"         "          Kupfferite. 

1, 

3x18. 

3.11.  Artif.  cryst. 

"  Tephruite. 

Mn,  Si  0.. 

15             „ 

"  Faj-alite. 

Fe,  Si  0.. 

4-138.  From  Fayal. 
4-006.      .1      Ireland. 

'nVillemite. 

Zn,  Si  0,. 

3.89-4.0. 
4.154. 
3-935- 
4-16-4.18. 

;  ■ 

« 

4.18.  Kr.Stolbcrg.-l 
4.02-4.16.                1 
4.02. 
4.11-4.16. 

^  Forsterite. 

Mg,  Si  0^. 

3.^43- 

'  Ereitliiiiipt.     Schw.  J.  08. 

391. 
'  Breithaupt.  J.  P.  P.  16. 475. 
'Smith.    8,976. 
*Smith.    8.975. 
'Braun.  Dana's  Mineralogy. 
'  Thomson.    Daiia'a  Min. 
'  Haidinger.    Dana's  Min. 
s  Hermann.    2. 738. 


AUTHORITIES. 

^Igelstrum.    4.  768, 
'"  Dana'3  Mineralogy. 
"  Kenngott.    8.  923. 
'*  Dana's  Mineralogy. 
"  HaTitefeuille.    17. 213. 
"Brush,    17,837. 
"•  Mixter.    21, 1006. 
"  Dana's  Mineralogy, 
"  Delesse.     Dana's  Min. 


miixem&  Keating.)  Dim's 
"  Delease.  J  Mio. 

™  Thomson.    Dana's  Min. 
"  Levy.  Daiia's  Mineralogy. 
'^  f  Monbeim.    1, 1173. 
''iMonheim.    1,1173, 
='  Hermann.    2. 743. 
'^Mixfer.    21,1006. 
^■^  Eanimelsberg.    13,  757. 
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SPECIFIC  GRAVITY  TABLES. 


'  Forsterite.  Bolton- 


G\  Si  C 


2.208-3.328. 
2,966-2,996. 


Bucholzite, 
Monrolite, 


3-075- 

3-238. 

3.232- 

3-239- 

3-48. 

3-6. 

3,661. 


4.615-4,710. 
4.7.  From  Litchfield. 
4.047. 

4.2,  From  Brevig. 
4,595,    "     Reading,  Pa. 
4,602-4.625,  Canadian. 
4,56-4,61.  I 

4,395,"!  before  \  Extremes  of 
;,jheating,f  six,  froml 
4,438,1  after  f  different  \ 
4,863, J  heating.)      localities.  | 

AUTHORITIES, 


"Breithanpt,    Dana's  Mm. 

■  Brusii    1 

^Gibbs.    1.1171. 

'SillimanJr,    2.742. 

Danas 

s^Damour.    1, 117L 

'Smith.    7.821. 

"Brush     1 

M  niraljfc.'i 

"Berlin.    6.795. 

'Kokscharo-w.    10.664. 

■s  Norton  I 

^WetheriU.    6,786. 

fErdmann.    Dana's  Min. 

■«Igel.trum 

7  819 

"Hunt    4.768, 

•Hubert,    Dana's  Min. 

)              T, 

"Chandler,    9.844. 

'  Kowney,    14, 982. 

»     Church,    17.834. 

'Boumon.    Dana's  Min. 

"Jarab^n 

3»     Omrch,    17,834. 

™  SvanberK 

1         Dana  = 

M     Cimrch.    17.834. 

'"Erdmann.l         Dana's 
"  Sillimann.  /   Mineralogy, 

»=     Church.    17.834. 

Henneberb 
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SPECIFIC  GRAVITY  TABLES. 


2d.  HYDRATED  SILIOATES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Meltinif 

'  Okenite. 

Ca0.2SiO,.2HjO 

2,28. 

2.362.  Dysclasite. 

2.324. 

•  Dioptase. 

Cu  Si  0,.  H,  0. 

3-3'4-3-348- 

'  Chrysocolla, 

Cu  Si  Oj.  2  Hj  0. 

2.0-2.238. 

■  Picrosmine. 

2  Mg  Si  Oj.  H,  0. 

3.66.  Massive. 
2,596.  Columnar. 

>Talc. 

6Mg0.6SiO,,2H,0. 

2.565-2.8. 

•  Serpentine. 

3MgO.2Si0,.2H,0. 

2.5  57.  Picrolite. 

2.644. 

2.2ig.  Chr>'sotile. 

2.6-2.65.       " 

2.57. 

"  Dewey  lite. 

2Mg0.3SiOj;'>H,0. 

2.246. 
2.19-2.31. 
2.216. 
1.936-3.155- 

■*  Calamine. 

2  Zn  0.  Si  0,.  IL  0. 

3.16-3.9- 

'"  Thorite. 

3  Th  Si  O3.  4  H,  0. 

4.630. 
4.686. 
4. 344-4- 397- 

"        u        Omngite 

5-34-5 -397- 

5.19. 

5-397- 

« 

=5        „ 

4.888-5-205.  {^f";'.™. 

AUTHORITIES. 

1  V.  Kobell.  Dana's  Min. 
'Connell.  Dana's  Min. 
'Schmidt.  18.889. 
*  Kenngott.  3.  732. 
» Danaa  Mineralogy. 
"  Dana'8  Mineralogy. 
'  Dana's  Mineralogy. 
•■  Dana's  Mineralogy, 
''  Rammelsbeig.    1. 1195. 


Delesse,    1. 1195, 
Delesse,    1. 1195, 
Schmidt.    1,1196. 
Hermann.    2.764, 
Sliepard.      1 
Tyson.         1      Dana's 
Tliomson.    f  Mineralogy. 
(Ellacber.    J 


'*  Dana's  Mineralogy. 

■."Bergeraann,  I   ,.^«"^^ 
"Chydenius.   )  Mmeralogy. 
"Krantz.    4.790. 
^Damour.    5.862. 


16.  818. 


*Chyden 
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SPECIFIC  GRAVITY  TABLES. 


XXXIV.  Stagnates  and  Titakates. 


Name. 

Form... 

Specific  Gravity. 

'  Calcium  titaiiate. 

Ca  Ti  0,. 

4,10.  Artif.  cryst. 
4.00.       « 
4.03-4.039.  Perofsltite. 

*  Magnesium  titanate. 

°  Di-iron               " 
'  Potassium  stannaW. 

Mg  Ti  0,. 
Mg^TiO,. 
Fe,  Ti  0^. 
K,SnOj.3H,0 

3,91.  Artif.  cri'St. 
3.52.       " 
4,37.       " 
3-197- 

XXXV.      SiLICOFLL-OKIDES. 


"  Litliium  ailicofluoride. 
*  Sodium  " 

"  Potassium        " 


"  EubidiuH 
"  Csesium 


2LiF.SiF..2H,0. 
2  Na  F.  Si  F,. 
2  K  F.  Si  F^. 

2  Kb  F.  Si  F.. 
2  Cs  F.  Si  F.. 
Ba  Fj.  Si  F,. 
2{CuF,.SiF..),13H,0 


2-7547,  ■7°5- 
2-6655.)  „- 
2.6649.}'^^- 
3-3383,  20.° 
3.3756,  17-° 
4.2794,  21." 
2.1576,  19-° 


XXXVI,  Cyanides  and  Cyanates. 
1st.  SIMPLE  CYANIDES  AND  CYANATES, 


Name. 

Formula. 

KCy. 
N  H,  Cy. 
AgCy. 
Hg  Oy,- 
POyy 
KCyO. 
Ag  Cy  0. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Potassium  cyanide. 
"  Ammonium      " 
'6  Silver 

^  Mercury            ■' 
'» Phosphorus       « 
"  Potassium  cyanate. 
"^  Silver               " 

1.52.  13-" 

3.943.  "-° 
3-77.  '3-° 

2,0475,  "5-° 
4,004,  1 6.° 

3&-° 

200'>-303,= 

AUTHOP 

ITIE3. 

'  Ebel 

iHautefeuille.  17,217. 
•Damoar.  Dana's  Mine- 
ralogy. 
'  HantefeuUle.  17.217. 
1  Hautefeuille,  17,217. 
'Hautefeiiille,  17.217. 
'Ordway.    18,240. 


sStolba,    17.213. 
'Stolba,    J.  F.  P.  97- 503, 
0  f  Stolba,     J,  F.  P.  97.  503, 
iiistolba.     J.  P,  P.  97.  603, 
12  Stolba.    20.186, 
I!  Preia,    21, 135. 
i'  Stolba.    18, 170. 
IS  Stolba,    20-299. 


'*  Bodeker.    26. 

1'  Watts'  Dictionary. 

>Gieaeeke,    26. 
"» Bodeker.    26. 
i»  Wehrhane  &  Hiibner. 
C,  P,  132,  277, 

1  Mendius.    26, 

» Meiidius.    26. 
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SPECIFIC  GEA  VITY  TABLES. 


2d.  COMPOUND    CYANIDES. 


^Thallium 

°  Potassium  ferricyanide 


NajCy,Fe.l2HjO. 
K,  Cje  Fe.  S  Hj  O. 


Tl^  Cy^  Fe.  2  H^  0. 
K,  Cys  Fe. 


"  11  cobalti  cyanide. 
"  Barium  platinocyanide 
"Potassium  sulphocyan- 


"  Titanium  iiitrocyanidfi 


Ka  Cy^  Co. 
Cy,Pt. 


Pb  Cy,  S,. 

Ti  Cy^.  3  Tij  N,. 


,906.  J 


XXXVII.  Miscellaneous  Ixorgakic  CoirpousDS. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

■*  Cyanogen.                   ]. 
"  Ammonia.                  I. 

NC. 
NH,. 

,8£6,  17=2. 
.731,  iS^5- 
.6234.  o.^m,  of  3. 
.6493.— 10."  • 
.6429—5.° 
.6364,  0," 
.6298,  5."        . 
.6230,  lO." 
.6160,  15.= 
.6089,  20.= 

— 34°5- 
—75-° 

AUTH0KITIE3. 


'  Biinsen. 

■"Bodeker.    2S. 

"  Faraday.    P.  T.  1845.  lo.i. 

'W^fa' Dictionary. 

"Schabus.    3.360. 

™  Jolly.    14.165. 

'Scliiff.    12.41. 

"/Bodeker.    20. 
•>tB5deker.    26. 

"      D'Andre^ff.    22. 

*Buignet.    14.15. 

"      D'Andrefiff.    22. 

'  Lamy  and  Dea  Cloizeaux. 

"Pohl.    4.59. 

■^      D'Andreeff.    22. 

Nature.  1. 142. 

"Schabua.    3. 3C2. 

't      D'Andrefiff.    22. 

"Schabus.    3.359. 

>«Wollaston.    P.  T.  1823.17. 

!5      D'Ajidrefff.    22. 

'Wallace.    7.378. 

"  Karsfen.    3. 

^=      D'Andre^iF.    22. 

fSdiiff.    12.41. 

'«  Faraday.    P.  T.  1S43. 105. 

"      D'Andre^ff.    22. 

•Buignet,    14,15. 
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'  Cryet.  Titanium  com- 
pound, 
'  Potassium  chlorochro- 


*Sodium  fluo-phosphate 
'  "  fluo-araenate. 
'Potassium  fluoborat«. 
'Potassium  iiitro-sul- 

'°  Potassium  phospliato- 

sulpliate. 
"  Spheiie. 

I'       n  Guaiiuite. 


"  Laiiarkitfi. 
'*  Phosgenite. 
"  Wagnerite. 
»  Apatite. 


3  Ti  0,.  P,  O5. 
K  01.  Cr  O3. 

NaiPO.-NaF.lSH^O. 

Na5AsO^.NaF.12Hp, 
KEF,. 


K,  S  0..  H,  P  O,. 

Ca  0.  Si  Oj.  Ti  0^. 


Vh  S  O,.  8  Pb  C  O3. 


Pb  S  0..  Ph  C  O3. 
Pb  C  Oj.  Pb  OI5. 
Mg,  Ps  Os.  Mk  F5. 
3  Caj  Pj  0„.  Ca  Cl^. 


.5-2.6. 
.38. 


1.550. 


526. 
5-6.55. 

068-3.985. 

054,Artif,cryst. 
565. 
,234. 


AUTHORITIES, 


.  Holm. 


[14S. 


1  Gladstone 

283. 
"Gladstone  &  Holmes. 

'  Playfair  and  Joule.    11. 
5  Playfair  and  Joule.    14. 
»Briegleb.    8.338. 
'Briegleb.    8.339. 
'Stolba,    B.  S.  C.  18. 309. 
= Jacquelain.  A.  C.  P.  32. 234. 


1"  Jacqueldn.  A.  C.  P.  32. 234. 

"  Hantefeuille.    IT.  31S. 

"Hunt.    6.837. 

"Guiscardi.    11.718. 

"Gadolin.    6.846, 

IS  Kokscharow.    6.846. 

'«  Dana's  Mineralogy. 

"  Thomson.    Dana's  Min. 

1*  Dana's  Mineralc^y. 

■»  Eamraelsberg.  Dana's  Min, 


'  llanrosa.    5. 10. 
'■  Rammelsberg.    6.  841. 

Rath.    8.966. 
'"  Romanowsky.    13.784. 
■  Pusirewsky.    15. 763. 
-^  \  Pusirewaky.    16. 763. 

I  Manross.    5. 10. 
ST  Sandbet^er.    2.772. 

'Smith.    8.966. 

'  Fuchs.    20. 1001, 
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Nar 


Formula.  Specific  Gravity.  ^°^^  ^^'^^^ 


'  Mimetit«. 
'  Boracite. 
°  Vanadinit«. 


3  Vh,  As,  0^.  Pb  CI,. 
CMgO.SBA-MgClj 
3  1%  V,  Oj.  Pb  C\. 

AUTHOKITIES. 


'  Haidiiiger.    Dana's  Miii. 

*Karsf«n.    1.1227. 

*  Eammelsberg,    0.  872. 


■9134- 

.886.  Carinlhian. 

.863.  Siberian. 
i2.°Artif. 
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XXXVIII.  Alloys. 

For  the  following  table  completeness  is  not  claimed.  The  compiler  has 
merely  sought  to  tabulate  the  more  important  published  determinations  of 
the  Specific  Gravities  and  Melting  Points  of  Alloys,  including  only  those  alloys 
whose  composition  admits  of  moderately  simple  formulas.  Some  of  these 
substances  are,  doubtless,  definite  chemical  compounds;  but  the  formulas,  in 
most  cases,  merely  indicate  the  proportions  of  the  metals  in  the  alloys. 


igt  ALLOTS  CONTAINING  BUT  TWO  METALS. 


Specific  Gravity. 


Silver  akd  Lead. 
'  Ag,  rb. 
"Ag^Pb. 
'AgPb. 
•AgPb,. 
^AgPb,. 
'  Ag  Pb,„. 
'  Ag  Pb^. 

CoppEK  AND  Lead. 

"  Ou  Pb. 

» Cu,  Pbj. 

Iridium  asd  Osmium. 
'"  Ir  Os.    Newjanskite. 
"  Ir  Os,.    Sisserskite. 

Silver  and  Copper. 
"Ag^Cu,. 

Copper  akd  Zinc. 
"Cu.nZn. 
"  Cu,  Zn. 
"  Cu,  Zn. 
"Cu,  Zn. 
"  Cu'  Zn. 
''Cu^Zn. 


9.9045. 

S.foS- 
8.607. 
8.633. 
8.587. 
8.591. 
8,415- 
8.673. 


AUTHORITIES. 


'Matthiessen.P.T,  1860.177. 

8  Croockewitt.    1.394. 

»  Mallet      DinE  J  8S  1  S 

'Matthiessen.  P.T.  1860.177. 

'Croockewitt.    1.394. 

'5  Mallet      Ding  J   t'i  3-S 

'» Beraelius.    Dana's  Min. 

"Mallet     Ding  J  ^5  S""* 

•Mflttliiessen.  P.T.1860. 177. 

'■Berzelius.    Dana's  Min. 

"  Millet     Ding  J  85  S-8 

6  Matthiessen.  P.T.  1WG0.177. 

I'LevcL    5.708. 

■8  Millet     Ding  J  85  378 

"  Mallet.    Ding.  J.  85.  378. 

"  Calvert  &  Johnson   12  120 

'Mattliie^en.  P.T.t360.177; 
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Alloy. 

specific  Gravity, 

Melting  Point. 

'  Cli,  Zn. 

S.448. 

8.650 

'  Ca,  Zn. 

8-397 
8.S76 

^CUjZn- 

8.399 
8.392 
8.4KS 

'  Cu,  Znj. 

8.224 

'CuZu. 

8.230 

w       „ 

7.808 

"  Cuj  Ziv 

7-939 

"  Ou  Zn,. 

8.283 
7.859 

»Cu,Zn.^ 

7.721 

'^  Cu,  Zn,g. 

7.836 

"Cu^Zn^. 

8.019 

>'  Cu,  Zn„. 

7.603 

"OHjZnn. 

8.058 

"CajZHa. 

7.8S2 

■^Cu^Zn^. 

7-443 

"  Cu  Zn,. 

7-449 
7-736 

's  Cu  Zn.. 

7.371 

7-445 

■"  Cu  Zn,. 

6.605 

sf       „ 

7.442 

Cadmium  ind  Lead. 

"  Cd,  Pb. 

9.160,  13^7. 

'^  Cd.  Pb. 

9-353.  i3-° 

=*  CU,  Pb. 

9-755.  i4?7. 

*'  Od  Pb. 

10.246,11=7- 

"  Cd  Pb,. 

10.656,  1394. 

>*  Cd  Pb.. 

10.950,  9?2. 

'^CdPbe. 

11,044,  14-8- 

'MflUet.    Ding.  J.  85. 373. 
'Calvert&Johnson.  12,120. 
'  MaUet.    Ding.  J.  85.  378, 

*  Calvert  &.Johnson.  12. 120. 
5  Mallet.    Ding,  J,  85.  378. 

"  Ccoockewitt.    1.394. 

'  Calvert  &  Johnson.  12. 120. 

*  Croockewitt.    1. 3B4. 
'Mallet.    Ding.  J.  85.378. 

■  10  Calvert  &  Johnson.  12. 120. 
'".Croockewitt.  .l-SM. 


AUTHORITIES. 

15  Mallet.  Ding.  J.  85. 378. 
IS  Calvert  &  Johnson.  12. 120. 
"Mallet.  Ding.  J.  85.  378. 
"Mallet.  Ding.  J,  85.378, 
i«  Mallet.  Ding.  J.  85. 378. 
"  Mallet,  Ding.  J,  85. 378. 
M  Mallet.  Ding.  J.  85. 378. 
i»  Mallet.  Ding.  J.  85.  378. 
™  Mallet.  Ding.  J.  85.  378. 
ill  Mallet.  Ding.  J.  85.  378. 
"  Calvert  &  Johnson.  12.120. 


"Mallet.  Ding.  J.  85. 378. 
"  Calvert  &  Johnson.  12. 120. 
«  Mallet.  Ding.  J.  85. 378. 
«Calvert&  Johnson.  12.120. 
"Holzmann.  P.T.1860.177. 
''Holzmann.  P.T.1860.177. 
'SHolzmann.  P.T.1860.177. 
'"Holzmann.  P.T.ia60.177. 
aiHolzmann.  P.  T.  1880. 177. 
'sHolzmann.  P.T.1860.177. 
"HoUmann.  P.T.1860.177. 
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Alloy. 

Spe 

ific  Gravity. 

Mel  ting  Point. 

Lear  and  Antimoky. 

■  Sb,  Pb. 

7.214. 

'  S\  Pb. 

7.361. 

'  Sbj  Pb. 

7432- 

'  Sb.  Pb. 

7-525- 
7.622. 

'  Sba  Pb. 

7-830- 

'  Sb,  Pb. 

8-330- 

8.20E,   I 

8.233- 

3^7- 

'"SbPb. 

8.953- 
8.989.  ' 
8,999, 

i?7. 

"Sb^Pb,. 

9,502. 

»  Sb  Pb,. 

.9.723. 

IB          „ 

9-8II,  i4?3- 

le       II 

9.8.7. 

"Sb.Pb,. 

10.040. 

"SbPbj. 

10,136. 

la        „ 

10.144, 

15-4- 

='  Sb,  Pb,. 

10.344. 

«  Sb  Pbj. 

10.387. 

■^         u 

IO-455- 

"SbjPb,. 

10.54'- 

«  Sb  Pbi,. 

10.556. 

"     « 

10.586. 

>9-3. 

10,615. 

'» Sb,  Pb„. 

10.673- 

»  Sb  Pbj. 

10,722. 

'"Sb.Pb^. 

10.764. 

"  Sb  Pbj. 

10.802. 

''ShPb^iH- 

10,930, 

ig'9. 

-SbPb,, 

n.194. 

2o?5. 

AUTHORITIES, 


iRiche.    15.111. 

'=Riche,    13,111, 

=»Riclie.     15,111. 

■'Rifihe,    15,111. 

"Ri«he,    1,5,111, 

MRiche,     15.111. 

>  Calvert  &  Jahnsnn.  12. 120, 

"Catvert&Johnson.  12.120, 

^  Calvert  &  Johnson,  13. 120. 

iSMatthie39en,P.T,I860.177. 

"Matthiegsen.  P,T.18Q0.177- 

'Riehe.    15.111, 

wiUche.    16.111. 

"Riche,    15.111. 

'Calvert&Johnson,  12.120. 

"lUfihe,    15.  in. 

ssiUche,    16.111. 

'  Calvert  &  Johnson.  12. 120. 

"Calvert  &  Johnson.  12,120. 

a'Riche.    15.111. 

»Matthiessen.P.T.1860.177, 

•"Matthieasen,  P,T.18eo,177. 

="Riclie.    15,111. 

'Riche.    15.111. 

"Riche.    15.111, 

"Riche.    15,111. 

«"  Calvert  cfcJolmson,  12.120. 

^■Rinhe.    15,111. 

"  Matthiessen,  P,T.1S60,177, 

^'Calvort&Julmson.  12,120. 

''  Mattliiossen.  P,T,  1860, 177. 

SPEGIFIG  GRAVITY  TABLES. 


Alloy. 

Specific  Gravity. 

Melting  Point. 

COPPEK 

AND    ASTIMOSY. 

■CuSb 

7.990. 

BisMUT 

H  AND 

Silver. 

'Bi^Ag. 

9.802.  23»5. 

=  Bia,  Ag. 

9 

S13.  23%. 

'Bi„Ag. 

9 

820,  23=3. 

SBi.jAg. 

9 

836,  21°8. 

•Bi,Ag. 

9 

859,21.- 

'Bi.Ag. 

9 

899. 15^2. 

•BijAg. 

9 

966,  14*^9- 

'BiAg. 

10.068,  1$%. 

•"BiAg, 

10.197,  1392. 

"BiAg.. 

10,323,  IS"!. 

Bismuth  and 

Lead. 

"Bi„Pb. 

9.844,  2 1  °7. 

"  Bi^  Pb. 

9.S45,  21%. 

"Bi.„Pb. 

9.850.  21?3. 

"Bi,.rb. 

9.887,  20^6. 

"■Bi^Pb. 

9.893.  19°S. 

"  Bi„  Pb. 

9.934,  ZI°I. 

"Bi„Pb. 

9.973.  IS-" 

"Bi,Pb. 

ro.048,  io'=7. 

»Bi.Pb. 

10.235,  12'5- 

"       . 

10.232. 

"BijPb. 

122?4. 

"Bi.Pb,. 

i25'3. 

"  Bi,  Pb. 

10.538.  14." 

=»       - 

519- 

'^BiPb. 

956,  I4-9- 

"            B 

931. 

"Bi.Pb,. 

II 

038. 

"Bi.Pb,. 

108. 

»BuPh, 

IT 

166. 

"  Bi  Ph^. 

-." 

141,  I2°7- 

AUTHORITIES. 


iCalvert&Johnaon.  12.120 

"Carty. 

P,  T.  ISfiO,  177. 

^^  Person.    1.84. 

>Holzmann.  P.T.186( 

171 

"  Carty. 

P.  T.  1860. 177. 

''Rudberg.    1,71- 

'Holzmann.  P.  T.  ISK 

177 

"Carty. 

P.  T.  1860. 177. 

«  Carty.    P,  T,  1860. 177. 

'Holzmann.  P.T.1S6( 

u: 

>=Ca*ty. 

P.  T.  I860. 177. 

*'Riche,    15,111, 

6  Holzmann.  P.T.ISSC 

177 

"Carty. 

P. T.  1860. 177. 

»  Carty.    P,  T,  1860. 177. 

•Holzmann,  P.  T.  186( 

17; 

"Carty. 

P.  T.  1860. 177. 

"Riche.    15,111. 

\7: 

■"Carly. 

P.  T.  1860. 177. 

"Eiohe,    15,111. 

SHolamann.  P.  T.  186( 

^r. 

"Carty. 

P,  T.  1880. 177. 

"Eiche,    15.111. 

177 

»- Carty. 

P.  T.  1860. 177. 

w  Riche,    15,111. 

»  Holzmann.  P.T.  1S6( 

177 

"Eiehe. 

15.  111. 

5"  Carty,    P,  T,  18G0, 177. 

"Holzmann.  P,T.1360 

177 
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Alloy. 

Specific  Gravity. 

Melting  Point, 

'  Bi  Pb,. 

11.194- 

'Bi,Pbs. 

209. 

'  Bi  Pbj. 

161,  14=8. 

'Ei,  Ph,. 

335- 

'  Bi  l\. 

1 88,  2o''8. 

'  Bi  Pb^. 

196,  20?  3. 

«BiPb„. 

38o,  22°5. 

*BiPbi^ 

331.  23-° 

Bismuth 

AND  Copper. 

■oBiCu. 

9.634. 

BlSMOTil  AND  ZlKC. 

"  Bi  Zii. 

9.046. 

BlEMOIII 

AND  Cadmium. 

•^Bi„Cd. 

9,766,  I5''4. 

"Bi.Cd. 

9737,  '4-7- 

"  Bi,  Cd. 

9,669,  I4''8. 

•=  Bi,  Cd. 

9- 5  54-  I3°4- 

US'!- 

"BiCd. 

9.388,  15,° 

"  Bi  Cd,. 

9,195,  15=5. 

"  Bi  Cd,, 

9,079,  13- '■ 

Bismuth 

AND  Antimony. 

^  Bis  Sb. 

943S.  9?4- 

"  Bis  Sb. 

9.369. 

'^Bi.Sb. 

9.276. 
9.277,  I2°r. 

"  Bis  Sb. 

9,095. 

's  Bi,  Sb. 

8,859. 

»          B 

8.886,  14.° 

"  Bi  Sb. 

8,392.  ii." 

="      « 

8,364. 

'"BiSb,. 

7,829. 

so       „ 

7.864,  9°4- 

AUTHORITIES. 


1  Riche. 

IS.  HI. 

"  Calvert  &  Johnson- 13, 120. 

"Calvert*  Johnson.  12.120 

'  Riche. 

"Calvert&Johnson.  12 

130 

P.  T.  1860,177. 

"Matthieaaen.P.T.1860.177. 

MHolzmann.  P.  T.  I860 

177 

•Eicbe. 

15,  HI. 

"Calvert&Johnson.  12 

13U 

5  Riche. 

15,  HI, 

"Rudbeig.    1.71. 

=5  Cftlvert  &  Johnson.  12 

120 

sCarty. 

P.  T,  1860, 177. 

«Holzniann.  P.  T.  181(0 

lit 

P,  T.  1860, 177. 

"Matthiesaen.P.T.1860.177. 

fHolzmann.  P-T.1860 

i;i 

P.  T.  1860. 177. 

»  Calvert  &  Johnson.  12 

120 

P.  T,  1860. 177. 

»Caivert&Johnson.  13 

120 

«>  Calvert  &  Johnson.  12.120. 

aiHolzmaan.  P.  X 1860. 177. 

177 
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Alloy. 

Specific  Gravity. 

Melting  Point. 

'  Bi  sb,. 

7.561. 

=  BiSb,. 

7.370- 

'BiSbs. 

7.271. 

Gold 

AND  SiLVEK. 

•  Ag,  Au. 

11.760.  I3?i. 

'Ag,Au. 

1 2. 2 57.  i4?7- 

•  Ag,  An. 

13.432,  i4?3- 

'  Ag  Au. 

14.870,  13.= 

"Ag  Auj. 

16.354,  1 3-° 

•A^Au.. 

17.540,   I2?3. 

^  Ag  Au,. 

18,041,  i3°i. 

GOLC 

AND  Lead. 

"  Pb,„  All. 

11.841.23=3- 

"  Pbj  Au. 

12.274,  '9-4- 

"  Pb,  All. 

12.445.  21-6. 

"  Pbj  Au. 

12.737,  21-3- 

"  Pb,  Au. 

13.306,  22=1. 

"  Pb  Au. 

14.466,  I4?3- 

■'  Pb  Au,. 

15.603,  I4°S- 

"  Pb  Au.. 

i7.o'3.  14-3- 

Gold 

ND  BiSMOTH. 

"  Bi„  Au. 

9.872.  21." 

*"  Bi„  Au. 

9.942,  2I?2. 

"  Bia,  Au. 

10.076,  i8?7. 

"  Bij  Au. 

10.452,  2I?4. 

==  Bi,  Au. 

11.025.23.= 

"  Bi,  Au. 

12,067,  16.= 

^  Bi  Au. 

13.403,  i6?5. 

="  Bi  Au,. 

14.S44,  16.° 

Tin  akd  Silver. 

"Sn.,Ag+. 

7431,  iS°6. 

"Sii^Ag. 

7.551.  i8'8. 

"Sn,Ag+. 

7,666,  i8'4. 

»  Siij  Ag+. 

7,963.  19^3- 

AUTHOlilTIES. 


■Calvcrt&  Jolmson.  12.120, 
=  Calvert&  Johnson.  13, 120, 
'  Calvert  &  Johnson.  12. 120. 
'Matthiessen.  P,T.  1860. 177. 
*  JIatthi€aaen.  P.T.1860.177, 
"  JIatthieaaen.  P.T,18eo,177. 
'  Matthiessen.  P,T,1860,177, 
8  Matthirasen.  P,T.18G0.177. 
•Matthiessen.  P,T.1R60.177, 
"Mattliiesaen.  P.T.1860.177. 


'Matthiessen,  P,T, 1860, 
2Matthiessen,P,T.18fi0. 
'Matthiessen  P. T.  1860. 
^  Matthiessen.  P.  T.ISOO. 
s  MatUiiessen.  P.  T.  1880, 
'  Matthiessen,  P,  T.  1860. 
'Blatthiessen,  P.T.1860, 
'Matthiessen.  P.  T.1860. 
"Holzmaim.  P.T.1860. 
"Holzmann.  P.T.1880. 


Holzmann,  P,T 

18fiO 

177 

Holinuuin,  P,  T 

mt 

177 

Holzmann,  P.  T 

\m 

177 

Holzmann.  P,T 

mf: 

177 

\m 

177 

Holzmann.  P,T 

I8fi( 

177 

Holzmaim.  P.  T 

18i>C 

177 

Holzi&m.  P,T 

mi. 

177 

1860 

177 
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'  Sn,  Ag+. 
'  Sn  Ag. 

*Sn  Ag,. 

Ti 
=  8114  Fb. 


Specific  Gravity. 


8.223.  ift's. 

8.828,  I3'?8. 
9.507.  I2';g. 
9-953-  '4°8. 

7.9210. 
7.927,  I5?2. 
8.0279. 
8.093. 

8.!730- 
7.850. 

8.196. 
8.2347. 
8.195- 
8.3914- 
8.549. 


i  HolimaiiTi.  P.T.  1860.177. 
"HolzDiann.  P.T.  1860. 177. 
sHolzmaim.  P.T.  1800. 177. 
*Holzmanii.  P.T.  1860. 177. 
sKupffer.   A.  C.  Phys.  (2). 

40.285-   ■ 
"Long.    P.T.  18fiO.I77. 
'Kuptfec.     A.  C.  Pbj-a.  (2). 

-40.285. 
*  Calvert  A  Johnson.  12.120. 
SRiche.  15,111.  [40.2S5. 

lOKupfifer.     A.  C.  I'hys.  (2). 


AUTHORITIES. 

"Thomson.    1.1040. 
"Long.    P.  T.  I860. 177. 
■"Calvert&Johiison.  12.120. 
"Pillichody.     14.279. 
KRiche.  15.111.        [40.285. 
i«  Kuptfer.     A.  C.  Phys.  (2). 
■'Thomson.    1.1040. 
"  Rudberg.    1. 71. 
M  Person.    1.84. 
"I  Cro,)ctewitt.    1. 394. 
«  CalrertA  Johnson.  12. 120. 
!"  nUidlody.    14.  279. 


l82?8. 

!82°5. 

i82?8. 


"      ■ 

8.4087. 

i8i.° 

M          „ 

8.414. 

'^Si.sPb,. 
''  Sn,  Pb. 

8.291. 
8.565. 
8.7454. 

8.779.  17?2. 

196." 
182=8. 

:  : 

8.774. 
8.7257. 
8.766. 

197." 

3S          „ 

9-0377. 
9.046. 

. 

!»  Eidie.  15.  111. 
aRielie.  15.111. 
sRiche.  15.111. 
MKupffer.     A.  C.  Phys.  (2). 

40.  285. 
"Tbomson.    1.1040. 
ssLong.    P.  T.  1860. 177. 
s»  Calvert  &  Johnson.  12. 13). 
30  KUicUody.    14.279. 
51  Eiohe.    15.  111. 
TUlichody.    14.279. 
wfficlie.    15.111. 
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SPECIFIC  GRAVITY  TABLES. 


'SnPb. 


'Sn,  Pb,. 

"Siij  Pb,. 

*'  Sn  Pbi. 


Specific  Gravity. 

Melting  Point. 

9-2773.  i5-° 

i84°5.  i"s.  I8l°y 

9.4263. 

241.° 

9.288. 

182^2. 

9-394- 

9-460,  is?s. 

9,458. 

94330. 

335-° 

9-451- 

9.6399,  15.0 

236.° 

9-7971- 

2+6." 

10.0782. 

9,966. 

10.080,  r4?8. 

10.419. 
10.5551. 

10.590,  I4?3. 


■ 

.0.587. 

"SnPbs. 

10.5957. 
10.751. 
10.815,  15^6. 

"SnPb^ 

Tin  a^d  Ikon. 
"  Fe  Siij. 

"  Fe  Stiy  Cryst.  furnace  product. 
"  Fe,  Sn. 

Tin  and  Coppee. 
'^  Sn^  Cu. 

7.446- 
7-534- 
8.733- 

7-442- 

-      „ 

7-517- 
7.28. 

'Pohl.    3.32*.         [40.285. 

'Kupffer.    A.  C.  Piiys.  (2). 

'Thomson.    1.1040. 

'Crooekewitt.    1.394. 

'Long.    P.  T,  1860.177. 

*  Calvert  &  Johnson.  13.120. 

'  Pillichody.    14. 279. 

"  Riohe.    15.  111. 

"Pohl.    3.323. 
"Pillichody.    14.279. 
"Kupifer.    A.  C.  Pliys.  (2). 
40.285. 


AL'THOKITIIB. 
'Croockewitt,    1. 3l>4. 
'Loi^.    P.  T.  1860. 177 
'  Calvert  &  Johnson.  12.120. 
'Pillichoiiy.    14. 279, 
'Rielie.    15.111. 
'Kupffer.    A.  a  Phys.  (2). 

40.285. 

'Calvert  A  Johnson.  12.120. 
'Pilliehortj'.    14.279. 

liiche.    15.  111. 

Kupffer.    A.  C.  Phys.  (2). 

40.28S. 


^Long.    P.  T.  1860.  177. 

'  Calvfot  &  Jobnaan.  12. 120. 

'  Piilichoay.    14. 27a 

*  Calvert  &  JtAnson.  12. 120. 

"Long-    P.  T.  1860.  177. 

'NteJIner.    13. 18S. 

'  Eammelsbrag. 

'Lassaigne. 

"  Mallet.    Ding.  J.  85.  378. 

'Calvert&Johnson.  12.120. 

'Rkhe.    21.27a 
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'  Si\  Cu. 
'  Siij  Ca. 


'  S1I5  Cuj, 

=  Sn,  Cu,,  Crj'st.  furnace  product. 


Crystallised. 


SPECIFIG  GRAVITY  TABLES. 


Specific  Gravity. 

7.472. 
7.558. 
7-3!- 
?.447- 
7.606. 
7.44. 
7.652. 
6.994. 
7-387. 
7S3- 
7.738. 
7.83. 

8.072. 
7.992. 
7.90. 


"  Sn  Cug. 
"  Sn  Cu,. 


8,gi. 
8,400. 
8.94S. 
8.77- 
8.575. 
8.965. 
8.63. 
8.750- 
8.65. 
8.728. 


AUTHORITIES. 


«&£aUet.    Ding.  J,  85. 378. 

wRiehe.    21,270, 

MKiche.    21.270, 

'Calvert&Johnson.  12.120. 

1' Mallet.    Ding,  J.  86.  378. 

»  Mallet.    Ding.  J.  85,  378. 

'Riclie.    21.270. 

I'Ooociewitt.    1.3M. 

"Calvert&Joimson,  12,120, 

*  Mallet.    Ding.  J.  85.  378. 

"Calvert&Johiison.  12.120. 

"Riche.    21.270, 

=  Calvert&Johnson.  13.120. 

isRiolie.    21.270. 

"Mallet.    Ding,  J.  85.  378. 

sRiche.    21.270. 

"lUche.    21.270. 

»  Calvert  &  Johnson.  12, 120. 

'Croockewitt.    1.394. 

19  Mallet,    Ding.  J.  85. 378. 

MRiche.    21.270; 

1*  Croockewitt.    1.394. 

"Mallet.    Ding.  J.  85,  378. 

ai  Calvert  &  Johnson.  12.120, 

"Kiche.    21.270, 

sjlallet.    Ding.  J.  85. 378. 

''Eiche.    21.270, 

«  Mallet.    Ding.  J.  85,  378. 

'"  Miller-    P.  A.  120.  55. 

i«  Mallet,    Ding.  J.  85,  378. 

"Elche.    21.270. 

"  Calvert  &Jolmson.  12,120. 

23  Calvert&  Johnson.  12.120. 
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SPECIFIC  GRAVITY  TABLES. 


Alloy. 

Specific  Gravity. 

Melting  Point. 

'  Sn  Cu,. 

8.459- 
8,84. 

'SuCu,. 

8.462. 

'  Sii  Cu,„. 

8.561. 
8.83a. 
8.S7. 

^SoCu„. 

8.325. 
8.84. 

•SnCu^ 

8.793- 

"SnCv 

8.820. 

Tin 

AND  Zinc. 

"  S%  Zn. 

7-235- 

7.374. 

"  Sn  Zn. 

7.115. 
7.262. 

"■  Sn  Ziij. 

7.096. 
7.188. 

''SnZn,. 

7,180. 

>»SnZn.. 

7-'55- 

■'SnZiij. 

7.140. 

^'SuZiiio. 

7-13S- 

Tin  a 

D  Cadmium. 

"  8n,  Cd. 

7-434,  12°7- 

"  Sn,  Cd. 

7,489,  15.° 

"  Siij  Cd. 

7.690.  12^9, 

173-8. 

"SnOd. 

7.904.  13=2. 

-SnCd,. 

8.139.  n?i. 

"SnCd.. 

8.336.  i4°5- 

»SnCd,. 

8.433,  15-° 

Tin  AN 

D  Antdiony. 

"Sni„Sb. 

7.284,   2092. 

"SnsjSb. 

7.279,  20.= 

AUTHORITTRS. 


'Mallet.    Ding.  J,  85. 378. 

"  Croockewitt.    1.394. 

'RicUe,-  21.270, 

"  Cah-ert  &  Johnson.  1 2, 120. 

iaMatthiessei..P.T.ia60.177. 

SBIallet.    Ding.  J.  85.  378, 

"  Croockewitt.    1.394. 

^Mailee.    Ding,  J,  S5. 878. 

"  Calvert  &  Johnson.  12. 130. 

"RudberR.    1.71. 

sCalvert&Johnson.  12.120. 

'sCroocke-witt.    1.39*. 

«Eiche.    21.270. 

"Calvert  A  Johnson.  12. 120. 

»  Matthiessen.  P.T,  1860, 177, 

'CalvertA  Johnson.  12,120. 

"  Calvert  &  Johnson.  12. 120. 

"  Matthiessen.  P.  T.  1860. 177. 

«Iliche,    21.270. 

»"  Calvert  &  Johnson,  12. 120. 

^  Matthiessen.  P.T.  ISOO.  177. 

•  Calvert  &  Johnson.  12.120, 

"Calvert&Johnaon.  12,120, 

»  Long.    P,  T.  1860. 177. 

»  Calvert  &  Johnson.  12, 120, 

»  Gilvert  &  Johnson.  13. 120. 

*>Lung.    P.  T.  18{i0,  177. 
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SPECIFIC  GRA  VITY  TABLES. 


Alloy. 


'  Siiai  Sb. 

'Sn„Sb. 

»8n5+Sb. 

*  Sn,  Sb. 

'SojSb. 

•SnSb. 

'  Sn  Sbr 

»SuSbj. 

=  Sn  Sb,. 

'"SnSbjj. 

Tim  and  Bismuth. 
"  Sn,,,  Bi. 
"Sn^Bi. 
"Sn,  Bi,. 
"  Sn,  Bi. 

»Sn.Bi. 


'» Sn,  Bi,. 
™  Sii  Bi. 


''Sn^Bi,. 
«  8n  Bij. 

»SnBi,. 

^  Sn  Bi,. 
"  Sn  Bi„. 
^  Sn  Bi^ 
='SnBw 
''SnBis,. 
"^SnBiia,. 


Specific  Gravity. 


276, 

q?4. 

20S, 

IB^. 

140. 

iq." 

100, 

io?6. 

023. 

.5^8. 

q2q. 

iS'iS. 

844. 

n-M. 

7S1, 

1.3- 5- 

747. 

nv4. 

739. 

1692. 

438, 

19=9. 

943. 

20.^ 

9.178,  I5°9- 
9,145. 
9-43;.  IS-" 
9434- 
9.614,  I2?7. 
9.675,  15-2- 
9,737,  i9?8. 
9.774,  23° 
9,803,  22?8. 
9,811,  i9° 


AUTHORITIES. 


i36'=4. 
I35-3- 


•Long.  P,  T.  1860.1- 
!  Long.  P.  T.  1860. 1 
'Long.  P.  T,  1860.1' 
*Long,  P.  T.  1860.1 
'Long.  P.  T.  1860. 1 
«Long.  P.  T.  1860.1 
>Long.  P.  T.  1860.1 
"Long.  P.  T.  1860.1 
'Long.  P,  T.  1860. 1 
1"  Long.  P.  T.  1860. 1 
"Carty.    P.  T.  1360,1 


"Carty.    P.  T,  1860, 177. 

''Person 

1.84. 

"Carty. 

P.  T.  1860.177. 

"Kiche.    111.  112. 

^  Riche. 

15. 112. 

isCarty.    P,  T.  1860, 177. 

"Carty, 

P.  T.  1800. 177. 

"Carty.    P,  T,  1800. 177. 

"Riche. 

15. 112. 

"Riche.    15.112. 

iaCarty. 

»Carty. 

P.  T.  1860. 177. 

"Riohe.    15,113. 

"Carty. 

P.  T.  1860. 177. 

*>Carty.    P.  T,  1860.177. 

s'Carty. 

"Carty. 

P,  T.  1860. 177, 

'^Eudberg.    1.71. 

wcarty. 
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SPECIFIC  GRAVITY  TABLES. 


Alloy. 

Specific  Gravity. 

Melting  Point. 

'  Sn  Bi,^. 

9.814,  I9°5- 

'  Sn  Bi^„. 

9.815,  i8?i. 

Tin 

AND  Gold. 

'Sn^o  All. 

7,441,  22?9. 

'Sn^Au. 

7.801,  zz?8. 

*SnjAu. 

8.118,  22=4. 

*  Siij  Au. 

8.470.  23?1. 

'  Sn,  Au. 

8.93',  =5^6. 

=  Sn,  An. 

9.405,  23?7. 

"Sn^Au,. 

9.715.  22-4- 

"Sn,  An. 

10.168,  2397. 

"Sn3Aii, 

10.794,  23?6. 

''Sn  Au. 

11.833.  i4°6. 

"Sn  Au^. 

14.244.  14°2. 

"SnAuj. 

16.367, 15^4. 

Alloys 

OF  Aluminum. 

"  Al,  Ag. 

6.733- 

"AlAg. 

8.744 

"AlAg, 

9-376 

"AlCr. 

4.9. 

"  Al,  Mn. 

3403 

™AlsNi. 

3-647 

"  Al„  Cu. 

2.764 

"AljCu. 

3.206 

''AlsCu. 

3-316 

"Al„Cu,. 

3o79 

»A],Cu, 

3-724 

"■AljCu. 

3-972 

"AlgOllj. 

4-148 

""AljCu. 

4-35S 

»AlCu. 

5-731 

■"AlCu,. 

6,946 

"  Al  Cu,. 

7,204 

"AlCii,. 

7-534 

AUTHORITIES. 


'  Carty.    P.  T.  1860. 177. 

'  Carty.    P.  T.  I860. 177. 

'Holzmann.  P.T. . 

'Holzmaiin,  P.T.. 

'  Holzmann.  P.  T.  I860. 

•Holzmann,  P.T.  1860. 

'Holzmann.  P.T. 

*  Holzmann.  P.T. 

•Holzmann.  P.T.  1860. 
'"Holzniann,  P.T.lSeO. 
"Holzmaun.  P.T, 


"Holzmann.  P, T,  1800. 177, 
'Holzmann.  P.  T.  I860. 177, 
'Holzmann.  P.T.1360.I77. 
'Hirzel.    11.137. 
'Hirzel.    11.137. 
'Hiizel.    11.137. 
'  Wohler.    II.  160. 
"Michel.    13.131. 
"Michel.    13.132. 
'Hirzel.    11.138. 
'Hixza    11.138. 


Hirael. 

11 

1,^3 

Hirzel. 

11 

13S 

Hirzel. 

11 

1,3R 

Hirzel. 

11 

138 

Hiczel. 

11 

Hiriel. 

11 

138 

Hirzel. 

11 

138 

Hirzel. 

11 

i.'ia 

Hirzel. 

11 

13R 

Hirzel. 

11 

138 
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SPECIFIC  GRAVITY  TABLES. 


AHoy. 

Specific  Gravity. 

Melting  Point. 

'AlCu,. 

7.727. 

'AlCue- 

7.7;i- 

■Al,Cu,3. 

7.S84. 

'  Al.  W. 

5-58. 

'  Al  Zn. 

4-532- 

'AlsSn. 

3-583. 

'  AI5  Sii. 

3.79'- 

»Al,Sn. 

4-025. 

•Al.Sn. 

4.276. 

>»Al,Sii. 

4.744- 

"  Al  Bn. 

5-454. 

I'AlSii,. 

6.264. 

»  Al  Sn,. 

6.536. 

"AljNb. 

4.45—4-52- 

'^Al^Ta, 

7.02. 

Alloys  of 

Mercuky.  Amalgams. 

"HgFb. 

11.93. 

"      0 

12.284,  i5?7- 

•'IlgPb,. 

11.979,  15-9- 

"Hg,Pb. 

12.815,  15°5- 

^Hg,Cd,. 

12.615. 

^  Hg  Zn. 

11.304- 

"HgBi. 

11.208. 

^^HgBi,. 

10.693- 
10.45. 

"^HgEv 

10.474. 

»HsBi,. 

10.350- 

"HgBij. 

10.240. 

=»Hg,Au. 

15.412. 

»Hg,Sn. 

1 1. 381 6. 
11.456,  ii?3. 

0.3447- 
10.369, 1 
10.255. 


AUTHORITIES. 

"Hirzel.    11.138. 

K*  Calvert*  Johnson.  12.120. 

"Marignac.    21.215. 

"« Cftlvert  &  Johnson.  12. 1-JO. 

iSMarignao.    21.212. 

s'Calvert&Johnson.  12.120. 

»6Croo3kewitt.    1.393. 

i9Matthiessen.P.T.1860.177. 

40.285. 

isMatthiessen.  P.T.lseo.l77. 

11. 138. 

»CroockewiU.    1.393. 

1  Kupffer.     A.  0.  Phys.  (2) 

11.133. 

"  Calvert*  Jolmson,  12. 120. 

^^Holzmann.  P. T.  1800. 177. 

Hirzel. 

11. 138. 

aCalvert&Johnson.  12.120. 

"Calvert&Johuson.  12.120. 

Hiizel. 

11. 138. 

"Croockewitt.    1.303. 
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'  Hg  Sii,. 
'  Hg  Snj. 
"  Hg  8h,. 


Specific  Gravity. 


2d.    AliOYS  OF  MORE  THAN  TWO  METALS. 


Alloy. 

specific  Gravity. 

Melting  Point. 

»  Cd  Pb,  Bi,. 

10.553. 

89^5. 

•"Cd,Pb,Bi,. 

10.732. 

"ZnPbjSn^ 

168.° 

"  Pb  Sn  Bia- 

96." 

"PbSn,Bi,. 

145.° 

"CujNiSb,.    Furnace 

product. 

8.004. 

"CdSnPbBi, 

9.765. 

68=5. 

"  Cd  Sn,  Pb,  Bi.. 

9.784. 

68=5.     ■ 

"CdjSn.Pb.Bi,. 

9.725- 

67=5. 

'"0(1.8115  PbjBi,,. 

9.685. 

65-5. 

AUTHORITIES. 


iKupifer.     A.C.Phy3.  (2). 

'  Calvert  &  Johnson 

12. 120. 

"Person.     1.73. 

40.  2S.'i. 

'CaU-ert&Jolinaon 

13. 120. 

"Sandberger.    U.  203. 

"Holzmann.  P.T.  18G0. 177. 

s  Calvert  &  Johnson 

12.120. 

'Calvert&Jolinson.  12.120. 

'v.Hauer.    18.236. 

"v.  Hauer.    18.230. 

*Kupfrer.     A.  C.  Pliya.  (2). 

■"V.  Hauer.    18.236 

"V.  Hauer.    18.230. 

40.  285. 

"Rudberg.    1.73. 

i«v.  Hauer.    18.230. 

<■  Calvert  &.  Johnson.  12. 120. 

"Person.    1,73. 

Those  who  wish  further  details  concerning  AUoya  and  Amalgams,  ca.n  find 
(copious  information  in  "Watta'  Dictionary  of  Chemistry,"  under  the  headings 
of  the  various  metals. 

For  many  Amalgams,  see  Joule,  Journ.  Chcm.  Soc,  ISfiS,  vol.  16. 

For  Alloys  of  Pt.  and  Au.,  see  Prinsep,  Phil.  Trans.,  1828. 
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SPECIFIC  ghavity  tables. 


XXXIX.    Hydrocakbons. 
1st.  SBEIES  OF  ALCOHOL  BADIOLES. 


1      ._  _    .   1 

Boiling      Melting 

Name. 

Formula. 

specific  Uravity. 

Point. 

Point. 

'  Propyl,  or  trilyl. 

(C,H,), 

6745.  18.^ 

68." 

5      »        Di-iso-propyl. 

6769,  ,0."   -) 

6701,  i7°5. 
6569,  29."   ) 

58.= 

s      n        Hexane. 

6630.  17." 

69=-7l''. 

[Compare  propyl  with  hexyl 

Lydride-J 

'Ethyl  butyl. 

C,H,.C,H,. 

7011,0.° 

62.° 

'  Ethyl  amyl. 

C,H5C,H„. 

7069,  0.^ 
.6819,  i7'^5-l 
.6795,  20.°  J 
.6833,  .S^4- 

90=— 91.° 
90,° 

"  Methyl  caproyl. 

C  H,.  C,  H.3. 

6789,  19.° 

83." 

89^-^1.° 

"Butyl,  or  tetryl. 

(C.H,),, 

6940,  18.° 
.7057.  0° 

108.° 
106.° 

"     "" 

" 

.728 

-7' 35.0.°    I 

.7001,  i6?4.) 

109. 

Z     " 

" 

.6945,  1 8.= 
.7083,  12^5- 

119.° 
124.° 

»i     «           Octane. 

« 

.7032,  ]?.' 

I23°-125.° 

^1      11           Isobiityl. 

■7^3,  <^^\ 

127.° 

^Amyl  isoprnpyl. 

C,  II,.  C5  H„. 

.69s!  le-'s.-i 
.6712, 49."  J 

log"-!  10." 

^^  Butyl  amyl. 

C,  H,  Cs  H„. 

.7247,  o°- 

132." 

™Amyl, 

(Os  II,,),. 

.7704.  u-" 

155-°            1 

AUTHORITIES. 

1  Williams.    10.418. 

'•  Grimshaw,      A.  C.  P.  166. 

18  Williams.    10.418. 

2  ( Scliorlemnier,    20. 666. 

163. 

1' Scliorlemmer. 

» }  Scliorlemmer.    20. 566. 

"Wurtz.    8.576. 

s"SchorlemmCT.  A.C,P.161. 

•  (  Scliorlemmer.    20.566. 

"Schorlemmer.  A.C.P.I36, 

263. 

257. 

''fitiche.    13.248. 
"lEiclie.    13.248. 

263. 

"Kolbe.    1.559. 

•Wurta.    8.576. 

"Wurtz.    8,5T6. 

"ISchorlemmer.    20,507. 

'Wnrta.    8.576.     [136.257. 

^  Wurti.      (?) 

sf  Scliorlemmer.     A.C.  P 

"fKopp.    18. 
"iKopp.    18. 

aWnrlB.    8.570. 

a  Fraukland.    3.479. 

K     136. 257. 
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Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Amyl. 

'Butyl  hexyl. 
'Hexyl,  orcaproyl. 

'     "          Dodecaue. 

■74' 3.0-°  l 
.7282.  30.°| 
.7365.  18.= 

7574,  o-° 
.7568.  18.° 
■7738.  i7-° 

158.= 

159-° 
155.= 

2d.  HYDRIDES  OF  ALCOHOL  RADICLES. 


Name. 

Formula. 

Boiling 
Point. 

Melting 
Point. 

*  Propyl  hydride. 

C,  H,.  H. 

.613,— 2S.» 

-aS^to-so" 

"Butyl 

C,  Hj.  H. 

.600.  o." 
.600,  0.- 
.624,-1.0 

o°-4. 

"  Amyl          " 

C,  H„.  H. 

.64.3.  I'^^.l 
.6385,  14?2.; 

f30.= 
1734- m.m. 

"       .r                 « 

■=          i.                        K 

.636,  17.= 

*             " 

" 

.6263,  17.° 
.628.18.' 

34-° 
30.= 

•*Hexyl         „          Alpha. 

C5  H,3.  H. 

.668,0." 

58.= 

I      "               "                " 

.678,  1 5°  5. 
.669.  16.° 

68''— 70." 
68." 
60'— 64.° 

"      «             "           Beta. 

.664;.  1 5=5. 

68°5-7o.° 

"      "             <.             (?) 

.6617,  17=5. 

69^5- 

^      ■■             «             (?) 

,676,  0°. 

6i°3- 

''     "             ..             (?) 

.689.  0.° 

68^5. 

"      "             "        Isomer. 

.671,26." 

78. 

AUTHORITIES. 

'  f  Wurtz.    8.  573. 
UWurtz.    8.573. 

"  Ronalds.    18,  507. 

"»  Pclouze&Cahoura.  15.410. 

I'Lcfebvre.     21.329. 

=' Wurtz.     16.509. 

3  Williams.    10.418. 

"(PraiiliJand.     S.481. 
"  I  Fraiilrland.    3.481. 

"  Warren  &  Storer.    21.331. 

'Wurtz.    8.576. 

''Wanklyn  &  Erlenmeyer. 

« Brazier  &  Goaslelh.   3.  WO. 

"Schorlemmer.    15.386. 

16.  531. 

« Wurtz.    8.676. 

'« Schorlemmer.    19. 527. 

"Dale.    17.381. 

'Williams.    10.418.      [2G3. 

"Pelouze&Calioura.  16.527. 

=5  Warren. ) 

'Schorlemraer.  A.C.P.161. 

"Riohe.   A.  C.  Phys.  (2).  59. 

"Lefebvre.    21.329. 

426. 

"Riche.    A.  C.  Phys.  (3).  59. 

"  Pelouze&Cahours.  lG.&2i. 

"  Sciiorlemmer. 

15.386. 

126 
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SPECIFIC  GRAVITY  TABLES. 


Formula.      Specific  Gravity, 


'  Heptyl  hydride. 


"Nonyl  hydi 
'°  Deeaty 


"  Endecatyl  hydride. 
'*  Duodecatyl      " 


Ci„  Hji-  H. 


158°— 162, 
'55°— 157  ■ 


Sd.   METHYLENE  SERIES 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 

"'Butylene. 

CjH,. 

.739.  0° 

I2°— 14.° 

"^Amylene. 

C.II,o. 

39° 

"         a 

42.° 

a         « 

a-35- 

»        » 

.651;,  i6?5. 

"             B 

.6633,  0-" 

35-° 

AUTHORITIES. 


J  I  Schorlemmer.     A.  C.  P. 
A      iaO.257. 
,  (From  Petroleum. 
"Schorlemraer.  15.380.From 

Coal  Oil. 
^Schorlemmer.  16.632.From 

Petroleum. 
'Pelouze&Cahours.  16.524. 
«Dale.    17.381.  >J™ 

*  Seliorlemmer.  18.512j'"'^- 


'Warren  and  Storer.      i 

331. 
1  Seliorlemmer.    15.  S86. 
'PeUraze&Caliours.  16. 5S 
'Wurla.    16.509. 
;  Pelouze&Cahoura.  16. 5S 
'Pelouae&Caliours.  16.6S 
"Wurtz.    16.510. 
'  Pelouze  &  Caliouis.  16. 5i 
"  Pelouze  it  Caliours.  16. 5i 


I'Peloaze&CahourB.  16.524. 
""PelouzeifeCahoiirs.  16.524. 
=1  Pelouze  &  Cahonrs.  10. 52-1. 
"Cliapman.    20.581 
ssBalard.     A.  C  Piiys.  (3). 

''Kekule.     See  29. 
"Frankland.    See  29. 
■^  Mendelqeff.    13.  7. 
=>  Bauer.    14.660. 
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SPECIFIC  GRA  VITY  TABLES. 


Specific  Gravity. 


"  Triiimylene. 
"  Tetramjlene, 
"  Hesylene. 


\        Two 

j  preparations. 

(?1 


.66277.  o," 
.65490,  10." 
.64450,  i7.''m.ofj 
.62384,  33.°m.  of: 
.625812, 33?5.m.cf. 

.62634,  SS-^S.  ni.  of: 

.679,  0.° 
■7777.  0° 
.8416,  o."  \ 
.8248,  20.°; 
.8139. 


.702,  o." 

.718,  iS." 

.7026,  1 9?  5. 
.69^5,  14.° 

.708,  16." 

■723.  ^y-" 


.7396,  o." 
.814,  IS-" 


'50-153- 

245°-248.'' 


93°-95-° 
9S°-97° 


91." 
106 

.,0 

125 

,760 

-125 

"5 
ii8 
I2S 

-n/ 

AUTHORITIES. 


■      H.  L.  Buff.    29. 

■^  Bauer.    14.660. 

'^Schoricmmer.  A.C.P.136. 

2       H.  L.  Buff.     29. 

"Williams.    11.433. 

257.                         [14.268. 

'      H.  L.  Buff.    29. 

"Pelouie&Cahours.  15.525. 

"Markownikow.     Z.  F.  C. 

'      H.  L,  Buff.    29. 

"  Wanklyn  and  Erlenmeyer. 

»  Warren  &Storer.    21.331. 

<■      II.  L.  Buff.    29. 

16. 520.                           [70. 

^Grimshaw.  A.C.P.166.163. 

<   I  H.  I,.  Buff.    29. 

"Cahours.    C.  R.3I.143. 

'Buff    21.334. 

I'fWurtz.    17.512. 
inwurtz.    17.512. 

S8  Bonis.    7.582. 

"  Bauer.    14. 660. 

im 

"Fittig.    13.320. 

»  f  Schneider.    A.  C-  P.  157. 

I'Geibel  and  Buff.    21.3,36. 

J"  Schorlemmer.    15.380. 

10  \  Schneider.    A.  C.  P.  157. 

»  Warren  &Storer.    21.331. 

"Pelouze&Cahours.  10.529. 

1     203. 

=1  Williams.    11.438.      [257. 

8!  Warren  &Stnrer.    21.331. 

"Bauer.    M.660. 

"Scborlemmer.  A,  C.  P.  138. 

s' Bonis.    See  Watts' Diet. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravily. 

Boiling 
Point. 

Melting 
Point. 

'  Nonylene. 

Ca  H,,. 

757,  2o?5- 
.7618,  0." 

I44°-I46.° 
a.  140.° 
153-° 

*  Dcyatylene.l  From  differ- 

C.  H^. 

.7913,0.° 

174°6. 

.823,  o." 

i75''8. 

^Eiidceatylene. 

C„  H,,. 

.782,  0." 

I95=S. 

'              «          )  From  difftr- 
8             „         j"  eut  suums. 

8398,  0." 

i9;?9. 

.79>.o.= 

195^2. 

»                    B 

u 

192°-!  93-° 

'"Duodecatylene. 

C.,H„. 

.791.0-° 

2l6?2. 

"            "         1  From  differ- 

.8361. 

« 

.S654-.8543.'>-'' 

208''-2I9.° 

"Tridecatylene. 

Ci,IW 

.8445.  o.- 

230°-23I.° 

"Cetene.                         1. 

C.,H„. 

.7893.  IS'^2' 

27>.° 

^"Cei-otene.                        s. 

C„H,.. 

.861,  15.° 

57°-58-*' 

•*MeIeiie.                        s. 

C™  H^. 

.89. 

62.° 

i"Etlierol.PolymerofC,H,  (C,  H.)n. 

.9174. 

=1 

.921. 

280.° 

4th.  BENZOL  SERIES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 

Point. 

Malting 

"Benzol. 

C,He. 

.85,  -5°5.1.    I 
.956,-18.°  s.l 

86." 

i5% 

»          B 

85. 

86." 

|7.= 

a      „ 

.85. 

80"— 8i.° 

se      „ 

.899". o."""- of!'.') 

«       , 

.883?2,  15=2.        ^ 

8094- 

"       11 

.88354,  >5'3-       J 

7fo-  m.  m. 

=^       . 

" 

82." 

s.  3-° 

AUTHORITIES. 


"  Warren  &  Storer.    21.332. 

'"Dumas and  Boullay.    See 

'Wurtz.    16.510. 

"Warren  &  Storer.    21.332. 

"DmnasandPaigot.    A.  C. 

"Sernllas.     A.  C.  Pliys.  (2). 

'Warren  &8torer. 

21,  332. 

Phys.  (2).  62.4. 

^/Faraday.    P.T.lS2a.440. 
=5 1  Faraday.    P.  T.  1825. 440. 

=  Warren  AStorer. 

21.331. 

"Mendelejeff.    13.7. 

«Mitsclierlieh.  A.  C.  P.  9. 43. 

21  332. 

stellung." 

55  Mansfield.    1.711. 

'Warren  &  Storer. 

21.  332. 

"Brodie.    1.708. 

■"  ( Kopp.    13. 

'Giesecte. 

"  Watts'  Dictionary. 

"Jkopp.    13. 

"Brodie.    A.  C.  P.  Tl.  159. 

™  I  Kopp-     13. 

"  Warren  &  Storer. 

21.332, 

■'»  Freund.    A.  C.  P.  120.  81. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Benzol. 

C,H, 

.S841,  15.^ 
.8667. 

8o°8. 

'      «         P.u-iihenzol, 

'      "         1  From  coal  tar 

^      "        J     naphtha. 

.8469 
.8820,  i;-5.f 

97?5- 

u 

;; 

■895,3.°     I 
.812,  8o'5.; 

8o's. 

3.' 

« 

-899s.  0.= 

"        cc 

« 

.8890,  10.= 

« 

.87S4,  30," 

V 

.8568,  40.* 

Z      " 

.8349,  60.' 
.8126,  80."  . 

"Toluol. 

C;  TI,. 

,87. 
.8650. 

114.° 
108.° 
110^5. 

103=7. 

"      "        Paratoluol. 

; 

.8333. 
.8824,  0.=  -1 
-S720,  15. -J" 

no°3. 

"      "        Methyl  phenyl. 

.881,  5." 

III." 

!S         „ 

,8841,0."' 

" 

,8657,  20." 

>*      .[ 

■8375.  SO-" 

=»      « 

« 

,8086,  80.= 

^»  Xylol. 

Ce  H,,. 

.7889,  100." 

12S°-130.'' 

='      "        ■)  From  coal  tar 
"      "        )     naphtha. 

I 

.S309,  15.° 
866^  15.4 

I26?2. 

140.= 

_" 

AUTHORITIES. 


'Mebdeiejeif.    13.7. 

"Gerhardt.   A.  C.  Phys.  (3). 

^   I^i^mmne    »  1  ;S£& 

3  Church:  }l'- 531- 

14.  III. 

**  Longmnine  30 

% 

">Deville. 

'rWarren.    13.515. 
H  Warren.    1«.515. 

■'Noad.    J.  F.  P.  44. 145. 

"  Wilbrand  &  Beilstein,     A. 

MSI 

'/Jungfleisch     33 
UJungfleiach     53 

a  P.  12a.  257. 

^'Gahours     3  492 

If  Church.    17.531. 

aiMendelgeff     13  7 

& 

1*  Church.    17.531. 

=     S 

»r  Warren.    13.515. 
S't  Warren.     18.515. 

"Miiller.    17.424. 

10 

Louguinine  30 

.     'i 

'^/Warren.    18.515. 
^'i.Warrcii.    18,515. 

" 

Louguimne   30 

"ToUens&Mttig.    A.  C.  P. 

Lougumme  30 

;  ss 

131.303. 

u 

loi^jimne   30 

-m 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Point. 

Melting 
Point. 

^  Xylol. 

Ethyl  phenyl. 

C,  H„. 

.8668,  21.° 

135." 
133.° 
139.° 

Methyl  henzyl. 

.8621.  19'?5. 

iZg^-Ho." 

H 

Iat>xylol. 

.8770,0."     "I 
.8600,  20." 
.8340,  50.°    \ 
.8073.  80.° 

I42''-142''S- 

1'  « 

Ethyl  benzol. 

.8664,  22-5. 

134-° 

'"  Cumo 

C,H„. 

.87. 

144.° 
148." 

153.° 
14894. 

J8       „ 

From  phorone. 

« 

,863.  i3.» 

i7o=-i7S-= 

19         „ 

"(From coal  tar 
j     naphtha. 

<i 

.85«,  0.-  I 
.8530,  i5-°i 

i69?8. 

»    „ 

=■       .r 

1  From  oil  of 

« 

.8792,  0."  1 
.8675,  I5.°i 

„ 

52        u 

« 

S3         U 

Methyl  xyloL 
From  coal  tar. 

" 

i55'>-i66." 
166.° 

"Cj-mo 

C„  H„. 

.860,  14.° 

S6         „ 

.857.  16.° 

I7i°5- 
175." 

«         « 

.8778,0°    l 
.8678,  1 2=6.  J 

177^5. 

«         B 

743.7  m.  m. 

SI         „ 

i7o?7. 

32         B 

" 

.8660,  1 5-° 

AUTHORITIES. 


'Fittig.  See86. 

I'Pittig&Koiiig.      A.  C.  P. 

^  Ernst  &  Fittig.     A.  C..  P. 

'TollensaFittig.     A.  C,  P. 

144.277. 

iSQ.im. 

131.303. 

"Gerhardt&CHhoiiis.  A.C. 

s'Eeilsteia&Kiigler.  A.C.P. 

'Beilstein.    A.  C.  P.  133. 37. 

Phvs.  (3).  1.  88. 

137.322. 

'GlinzCT&Fittig.     A.  C.  P. 

"Abel.    A.C.  P.  63.308. 

aiGerliardt&CaJiours.  A.C. 

'6  Pelletierdt  Walter.     A.C. 

P.  38.345. 

'Pitlig&VelRuth.     20.697. 

Phys.  (2).G7.269.   [14.111. 

»Noad.    A.  C.  P.  63.  281. 

•  Warren  &  Storer.     21.  331. 

"Gerhardt.  A.  C.  Phys.  13). 

"Gerhardt.    A.  C.  Phys.  (3). 

sU= 

"Clmreli.     P.M.  (4). 9. 256. 

14.  111. 

e 

Longuinine.  30. 

■Hii 

•'  Schwanert. 

ssfKopp.    18. 
"slKopp.    18. 

i»    Warren.    18. 51.5. 

IP 

"Warren.    18.515. 
"    Warren.    18,515. 
"I  Warren.    18.515. 

""Mansfield.    J.  C.  8. 1.  207. 

11 

Lougninine.  30. 

"Church.     P.U.a.'J.TM. 

s^Mendelejeff.    13.7. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Cymol. 

0,0  H.^. 

.8664.  20.' 

'     "                       From 

.8697,0.=    -) 

'      "                        oil   of 

.87.4.0," 

,8593, 14.°  3 

'79'5- 

e     ,,                        From 
T      „                   1     oil   of 

.8705, 0.° 
.8544, 20.- 
.8302, 50.° 

.7893.  '00.- 

175-176.° 

10  „                          From 

11  „                    camphor 
1.      „                  JandPCI;. 

.8732.  o." 

.8574, 20.° 
■8333. 50." 

.79>9.  loo." 

I74°-175-'' 

'^     "  From  camphor. 

175°- 178.° 

»     «  Thymo-cymol. 

173." 

"     "  Ethyl  xylol. 

.S783.  20.' 

183^-184.= 

"     «  Diethyl  benzol. 

.S707,  15^5. 

i78''-i79.'' 

"     "  iBobutyl  benzol. 

.E577,  16.° 

iSg^-'fii." 

"     «  Tetra  methyl  benzol 

189^-191.= 

78-80.° 

"Amvl  benzol,    ') 

C,,  H,,. 

.859,  I2.° 

195,° 

"Diethyl  toluol.  [ 

.8751,0.= 

178.= 

^  Laurol.             ) 

.887,  10.= 

188.° 

"  Amyl  toluol. 

C„  II,a. 

.8643,  9-° 

213-° 

''Amyl  xylol, 

C„H». 

-8951,9.'' 

232^-2  33.» 

[For  raesitylene,  see  mis- 

cellaneous hydroearbojis.] 

AUTHORITIES. 


J  Williams.    J.  C.  8.  15. 120, 
Warren,      Mum.  j 

Acad.  0. 154, 
Warren.      Mem,  Amer, 

Acad.  9, 134. 

Warren.      Mem.  Am 

Acad.  0. 154. 

'  rLoi^;uinine,  30.1  a'aig* 

'    LoT^:uiniiie.  3( 

Longuinine.  3( 

'  iLouguinine.  3( 


J  nil 


'  rLouguinine,  30,1  fi  S|-a 
"  lLougninine,30.[^|3||| 

ILongainine,  30.  jl  tj  i  "5, 
Lougliinine.SO,J    |S||| 
'  Louginine  and  Lippmann. 

20.700, 
'  Carstanjen.      J.  F.  P.  (2), 

■  Emst  &  Fittig,     A,  G.  P. 
139. 192.  [144.  2S5. 

'Fittig  &  Kfinig.    A.  C,  P. 


"  Tollens  &  Fittig.    A.  C.  P. 

'"Ijippniann  &  Louguinine. 

20,607. 
"  Fittig,  Kobrich  &  Jilke.  20. 

701. 
==  Bigot  &  Fittig.    20,  OCT. 
>«  Bigot  &  Fittig.    20,097. 
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SPECIFIC  GBAVITY  TABLES. 


5th.  C,„  H.,  AND    ITS   ISOMERS. 


==:=  = 

I 

Boiling 

Welting 

Name. 

Formula. 

Specific  Gravity.  | 

Point. 

Point, 

[For  valcrylene  and  isciprene, 

carbons.] 

>  From  oil  of  anise. 

0,„  H.,. 

85S0,  20.= 

160,° 

'  Geraniene. 

842-843,  20° 

i62''-i64.° 

'Fionioilofneroli. 

8466,  20.° 

173''' 

*     n          ((     petit  grain. 

8470,  20.° 

174.= 

=     ic          11     orange  peel. 

8460,-)       „ 

8468,  r°- 

174.° 

'      (,  fmilofCitrualumiii. 

853,  '8.° 

[So." 

8     „         B        «      bigaradia 

l:iS2o.  io.n 
8517.  i^."! 
8514,  15° 

i-S.» 

Id      ((          «         11       medii^a.") 
11      „                oil  of  tcdrat.   ) 

55.  in 

.S466.  20.= 

173-° 

1!     „                   (.    bergamot 

.8466,  r°- 

I75°-176.° 

IS        „                            B                 n 

1"      a                     <i     1  em  Oil. 

.84,-.86. 

i73.° 

«          « 

.8380,  o.n 
.8661,0,=; 

176:1. 

IB         °                                 «                B 

18         „                                 «                « 

.8463, 20. 

173-° 

^  Citrcne. 

.8569. 

les." 

"  Cicviteiie.  Fr.Cicutavirosa 

,87038, 18.° 

166.° 

^  Fi-om  oil  of  parsley. 

,873^.  ^0.^ 

.877^.  O.M 
.8657. 15°) 

160.° 

SI        „              a                  « 

»       .           „      galbnmim. 

,8842, 9.° 

160." 

.8466, 20-° 

176.° 

'■"  Ciirvene. 

,861,  ij.° 

175=^178.' 

,8545,1 

166.= 

» 

AUTHORITIES. 

»01aaston&    C.8,.T.  17.1.      ' 
sjacobsen.    Z.  F.  C.  14. 171.    ' 

Gladstone.    O.S.J.  17.1. 
(  Gladstone.   C.S.J.  17.1. 
t  Gladstone.   C.  S.  J.  17. 1. 

'"Watts' Dictionary. 
aiVanAnkum.    21.794, 

^Gladstone.    C.  S.  J.  17. 1.      " 

s Gladstone.    C.S.J.  17.1. 

*Gladatone.    C.3.  J.  17.1.      ' 

Enlnflatnii^      C    S    J.  17.  1.        " 

Zeller.   Watts'  Dictionary. 
Blanebet&Sell.)    Watte' 

'"  j  Warren.    18. 515. 
"tWarren.    18.515. 

« Gladstone.    C.S.J.  17.1.      « 
'Liica.    13.479.                        ' 
«fLuca.    C.  R.45.!«4.            ' 
»lLuca.    C.  R.'i5.904. 
lOBcrthelot.    6.5^1.                  ' 

Brix.                  jDictlonaw 
( Frankenheim.    1.6S, 

»Mossmer.    14,687. 

M  Gladstone.    C.S.J,  17.1. 

J  Two    sal 
Gladstone. 

nples    of    sub- 
C.  S,  J.  17. 1. 

"V 

olckel.    6.5ia 
Gladstone.   C. 
Gladstone.   C 

S.  J,  17. 1. 
S,  J.  17.1 
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SPECIFIC  GRAVirr  TABLES. 


Name. 

'  From  oil  of  dill. 
'     "        "     elder. 
^  Safrene, 
'From  oil  of  wormivood. 


peppermint. 
thym.e.> 


'  Thymene. 

•  GaulfJierilene. 

'"  From  oil  of  rosemary. 

"  Ciiiaebene, 

"  Cynene. 

"  From  oil  of  nutmegs. 

"      "  "      birch  tar. 

''  "  '■     myrlle. 

™  II  laurel  turpentine. 

"  «  Eucalyptus  amygdalina. 

°  »  Ptychotia  ajowan. 

"*  Olibene. 

"Cajeputene. 

"  Isocajeputene. 

^  By  distillation  of  copal  oil. 

''Caoutchin. 

■"Tolene. 

^'  Xanthosylene. 

"  From  Pinus  maritima. 

'*      •'         II      pumilis. 


.878. 
.825,  16." 


.870,  20 
.8467,  2' 


8S4. 

la 

«49, 

11 

8^2, 

24 

801, 

12 

aw. 

!■! 

8^7, 

[6 

951. 

10. 

,864,  16.= 

■875. 17.° 


174.° 
166.° 
156^-158.° 

nSo^-ies." 
J  76"-!  78.= 

171.= 
154"-!  60.° 


AUTHORITIES. 


JGladafone.    C.S.J.  17.1. 

15 /Gladstone.   C.S.J.  17.1, 
»  I  Gladstone.   C.  S.  J.  17. 1. 

'  Grimaux  and  Ruotte. 

'=Blas.    18,569. 

"Sohmidl. 

's  Gladstone.    C,  S,  J,  17. 1. 

"  Sobrero.  Watts'  Dictionary. 

■^Gladstone.    C.S.J.  17.1. 

"Gladstooe.    C.S.J.  17.1. 

"Seharling. 

'"Gladstone.    C.  S.  J.  17. 1. 

''Stenhonse.    9.624. 

tionary. 

'Hirzel.    7.592. 

"Deville.    2.448. 

"Volckel.    A.  C,  P.  89. 358. 

i»Stenhouae.  A.  C.  P.  35. 304. 

"BiicliJier. 

13.479. 

=iGoogle 


SPECIFIC  GRAViry  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  From  Pinua  picea. 

0,0  H„. 

859.  6.° 

i68'>-i73.° 

>      a          B     ables. 

856,  20.° 

167.° 

'      «    AbiesEfiginieAmalise. 

868. 

1 56°- 192.= 

•Oil  of  turpentine. 

890.,  c.o 
.8644. 

165.= 

'       a                «                Four 

■^555-     ,,. 

8      (.              K           samples. 

.S6.4.     '°- 
.8600, 

"Terebene. 

,8718. 
.864. 

156,' 
160.° 

.8583,  20.° 

160." 

"Isoterebentliene. 

.8433,  2=.° 

176"-!  78.= 

'^  Austrapyrolene. 

.847. 

177.° 

"Terebilene. 

.843. 

134.° 

"  Camphilene. 

.87. 

.56.= 

"'Sesquiterebene. 

Ci5  H,,. 

250.° 

'•  Metatemplene. 

1.037,4° 

280° 

™  Para-copaivft  oil. 

.91. 

252.°  p.  d. 

"  From  Maracaibo  ba.!sam. 

.921.  10.° 

250''-260.° 

>»    «       Guigun            « 

.9044,  15° 

255." 

"    «  Drybalimopscamphora 

.9— .921,  20° 

255''-27o." 

'*    ■■  oil  of  cloves. 

,9(8,  18.° 

1 42°- 143.° 

'^    «       ..         « 

.9016,  14." 

251.= 

^    «       «         « 

.9041.  20.° 

249.° 

"    u       «     cubebs. 

.975;  930;  938. 

250." 

!fl     «        .1            a 

.929. 

25O°-260.° 

^    «       «         « 

,9062,  20." 

260.° 

'"     "  Myrtuspimenta. 

,98,  8.= 

255.° 

"    "  Lauras  nobilis. 

,935,  15.= 

250." 

"    «  oil  of  rosewood. 

.9042,  20.° 

249° 

"    «       «     calamus. 

.9180,1       „ 
■927  5  J  ^°' 

260.° 

"    «       « 

AUTHORITIES. 


Fluckiger.    a.tt43. 

"Gladstone.    C.S.J,  17.1. 

"Ettling.  Watts' Duliunary. 

"Berthelot,    6,523. 

'i  Williams,    11.442. 

"Watts'  Dictionary. 

if  Gladstone.    C.S.J,  17.1. 

"Watts' Dietionarv 

"Schmidt. 

"  Watts' Dictionan     Vol.5. 

^  Watta'  Dictionarj-. 

Gladstone    C  S  J  17  1 

02.'i 

»  Gladstone.    C,  S,  J.  17. 1. 

Gladstone    C  S  J  17  1 

"Berthelot     15  457. 

siQeser.    17.534. 

Gladstone    C  5  J  17  1 

"Fluckiger     8  646 

"  Bias.    18. 569. 

Gladstone    C  S  J  17  1 

"Rerre.    4  52 

II  Straus*.     21  795 

3' /Gladstone.   C.  8,  J,  17, 1. 
"1  Gladstone.  C.S.J.  17.  1. 

I  Watts' Dictionary 

5SWern«r     15  4(.l 

^Berthelot.    15.457. 
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SPECIFIC  GliAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  From  oil  of  casuarilla. 

Ci5  H,^, 

.9212,  20.= 

254.° 

'     ((          u      patchouli. 

I 

.9278!      20.= 
■9255. . 

254° 
257.° 

26o.e 

'  Diterehene. 

C,oH,, 

Sio'-S'S-" 

'  M  et;  iterebenthen  e . 

.913,  20.° 

a.  360.- 

'  Colopheiie, 

.9391.  20.° 
■94- 

315-° 
310.° 

•Hevegne. 

.921,21.' 

S'S" 

6th.  MISCELLANEOUS  HYDBOOARBONS. 


Name. 

Formula. 

Speciiic  Gravity. 

Boiling 
Point. 

Melting 
point. 

•"Diallyl. 

{f,Hj),- 

.684.  14.° 

.68724,  I7.''m.  of  4.1 
.64682,  59?5.m.of2. 
.64564.  58.°  m.  of  2,. 

59-° 
58= 

59:5- 

"  Huxoyiene. 

C,  H,o. 

.710,  13.° 

76<'-8o» 

'°  Carbo  dinietliyl  dietliyS. 

C,H„. 

.7Iu,o.-     -I 

.69S8, 2o?5.; 

86'-87.'' 

"  Ciniiameiie,  or  Styrol. 

c,ii,. 

.928, 15.° 
.924. 

,876-,896.  i6.» 

144." 

145^75- 

140.° 

="Metannnamene. 

" 

I.0S4.  13.°  s. 

"  Vateryleiie. 

Cs  H5. 

44''-46.'' 

H                II 

.65999,  o-"                1 

J3 

" 

.6873S6,  i7.°m.of3. 

41  "-42-° 

=' 

« 

.65719,  41.°  m.  of  2, 

a 

" 

.650S2, 42.°               J 

""Trivalerylene. 

(C!.H,),. 

.862,  15.' 

265=-27S.° 

"  Isopreiic. 

0,  H,. 

.6823.  20.° 

37°-38.= 

=8ValyIeiie. 

C,  H, 

a.  50.° 

AUTHORITIES. 


1  Gladstone.    C.  9.  J.  17.1. 

"  f  II.  L.  Buff.    2B. 

"Scharling.  A.  C.  P.  i)7- 1  .'in. 

'Gladstone.    C.  S.  J.  17. 1.  ' 

1'  \  H,  L,  EiLff.    29- 

"ScharUng-  A.  C.  P.  07.  ISG. 

•Gladstone.    0.  S.  J.  17. 1. 

"  1  II.  L,  Buff-     29. 

"Eeboul.    17.606. 

"Eeboitl&Truchot.  20.587. 

^  fU.L.  Buff.    29. 

sWatta' Dictionary. 

«>  1  H.  L.  Buff.    29. 

J.  F.  P.  101.315. 

='  j   H.  L.  Buff.     29. 

'Gladstone.    C.S.J.  17.1. 

»  I  H-  L,  Buff-    29. 

'Deville. 

J.  F.  P.  XOl.  315. 

"Reboul.    20-5S5- 

"  Boncliardat.  A.C.P.37.30. 

"E.  Kopp.    J.  F- P.  37.  283. 

"WilUams.    l.S,40J. 

WBertlielot  &  Luca.     1.500. 

"Blytlnfe  Hoffmann.   A.  C. 
P.  53.291. 

™Reboul.    18.510. 
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SPECIFIC  GRAVITY  TABLES. 


..  Specific  Gravity, 


'  Ethyl  vinyl. 
'Caoutehene. 
'  Mentheiie. 

''  Eutylene. 

'  Crotoiiylene, 

'  Conylene. 

'  From  Camphoric  acid. 

"Eenylene, 

'°Eucalypt«ne. 

"  Camphin. 

"  Cedrene. 

"  Mesitylene. 


Ci  He. 


Ca  H,.. 

C„  H„, 
C,  Hi,. 


8z7,  25.° 
.9S4,  I4?S. 


323°-228.'' 

i6;.° 
167°-!  70.° 

248." 
ijS'-ifo," 

163." 


3l6?4'-2 


5215-53  5- 
79-9'- 


^  11  [driiie. 

"Naphthaline  tetrahy- 
^Methyl  naphthaline.  1. 
™  Ethyl  "  1. 

^'  Anthracene. 


AUTHORITIES, 


nHofmann,     C.S,J,2,101. 

5'Vohl. 

"Cahoura.    C.  8.  J,  3. 17, 

»  Watts' Dictionary, 

'Walter.    A.  C,  P.  32. 288. 

"Fittig. 

MWeltzien's   "Zusommens- 

stellung." 

"Limpricht,    19,593, 

'Caventou,  A,C.P.127,347. 

isFittis,    A.  C,  P,  139. 173. 

»Gra«be.    B,  S.  C.  18,  205, 

'Werthdm.  A. C. P.  123, 157. 

"  Wurtz.   A.  C.  P.  7th,  Eupp. 

ssFitt^&Eemsen.    A.C.P, 

54. 

155.114. 

KKopp.    18. 

WFittig&Kemaen.    A.C,  P, 

siAlluard.    12,472. 

155. 118.                       [189. 

"Glaus.    J,  F.  P.  25,  269. 

!!  Dumas.     A,  C.  Phya,  (2), 

"  Dumas.  A.  C.  Phys.  (2).  50. 

"Walter.  AC.  Pliys,  (3).l, 

60. 182.                    [14,  111. 

•iReichenbaoh.  Watts' Diet. 

60L 

JSGerhardt.    A.C.Phy3,  (3). 

w  Anderson.     C.S.J.  15.44. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Anthracene. 

'  Anthmeene  dihydride. 

=          "         hexliydride. 

^Stllbene. 

Ci4  H,„. 

305-° 
390.° 

313.° 
(06.° 
63-= 
125." 

*Pyrene. 

Cit  Ilm. 

1 70°-!  80." 

^Chryseiie. 
'  Paranicene. 
"Eetene. 
"Konlite. 

(CsH,),. 
C„  H„. 

1.24. 
.SS. 

365-" 

98=-99.» 
107?  5- 

"Scheererite. 
"Hartite. 

(c  nj„. 

1.046. 

44." 
74° 

AUTHORITIES. 


'Graebe&Liobermann.     Z. 

F.  C.  13.  257. 
*Gcaebe&Lieberaiann.    Z. 

F.  C.  13.  257. 
'Graebe&Liebermann.    Z. 

F.C.  13.257. 

nVurtZ. 

(H. 
*  Laurent 

66.136. 
'Graebe. 

1S6. 
"  Laurent 

A.  C.P.Tth.supp. 

A.  C.  Phys.  (2). 

J.F.P.  (n.s.)3. 

[66. 136. 

A.  C.  Phys.  (2). 

'St.  Evre.    1.532, 

'"  Fehliiig.    A.  C.  P.  106.  338. 

"Trommsdorf.    A.  C.  P.  21. 

126. 
I'Kravig.    P.A.43.m. 
"Dana's  Mineralt^y. 
"Ilaidinger.    P.  A.  54.261. 
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SPECIFIC  GRAVITY  TABLES. 


XL.  Compounds  Coktainisg  C  H,  and  0. 


,    1st.    ALCOHOLS  OP  THE  ETHYLIC  SERIES. 

Note, — For  common  alcohol  there  is  sudi  a  gtHUt  number  of  deterroinatiotis,  both  of 
Specific  Gravity  and  Boiling  Point,  that  tlie  compiler  has  not  thought  it  necessary  or  ail- 
Yisable  to  attempt  to  give  them  all.  Tlierefore  only  the  more  important  determinatious 
for  this  substance  are  given. 


Name. 

Pormul. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Methyl  alcohol. 

C  H,  0. 

.793,  20.° 

.807,  9-° 
.813. 

.S2074.  0," 
.7938.  25.° 
.81796,0.°    -1 
.80307,  i6°g.J 

.8065,  15.° 
.8052,  9'r5. 
.8142, 0.=     1 

.7997.  iS'l-J 

66-5. 
6o-,744™.n. 

6s-5. 
6ffis. 

« 

.8574.  21.° 

'«       «            « 

.81571,10." 

S8!6. 

"Ethyl 

c,  ir«  0. 

.7924,  17^9. 
.7915.  '8.° 
.S095,  0.= 
.7996,  1;.° 
.81087,  o-°    ] 

78!4. 
76,' 

7S^i-79.° 
78-8. 

^'          '•                      •! 

.8095, 0.°      j 
.79821.  H°  f 

78-4. 

=*        «                   re 

" 

.7990.  '4°8.  J 

AUTHORITIES. 


•Dumas  &  Peligot.     A.  C, 

Phys,  (2).  53.  5. 
!Kane.    A.  0.  P.  10. 164. 
sDeville.    See  13. 

'Andrews,    1.89. 
'"Person.    1.01, 
"Mendelejeff.    13,7. 
i=Delfls.    7.26. 

18  Dumas  &  Eoullay.     P,  J 

12,  93. 
i»  Darling. 
»Kopp.    A.  C.  P,  55. 166. 

*  Eegnault. 

s  Pierre.    43. 

«kopp.    A,  C.  P.  55, 166. 

'  r  Kopp.    13. 

'\Kopp.    la. 

i^fKopp.    18. 
"tKopp.    18. 
'>  Linnemann,    31. 681. 
"  Dupr^.    P.  A.  143,  236. 
"  Gay-Lasaac. 

"      Kopp,    13. 
^      Kopp.    13, 
"      Kopp.    13. 
«  I  Kopp.    13. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.       Specific  G 

.,. 

y- 

Boiling 
Point. 

Melting 
Point. 

'  Etliyl  alcohol. 

CjHeO.;. 8151,0.° 

78=3. 

» 

77^9. 

1. 

78% 

'       « 

.7938,  I5?5- 

So^. 

" 

■7a97.Kj  " 
.7905, 1" 

.79381,  15%. 

1       « 

.S09,  5." 

78=25. 

.8194,  1 9-° 

81.° 

.6796,  130^9. 

■7947.  iS-° 

-7947J    ' 

"       «             « 

.80625,  o-"    1 

,80207,  5." 

.79788,  10.° 

78°3^ 

■79367,  i5.° 

to 

■'       .[ 

.78945.  20-° 

78^307. 

1^       1.             « 

■78522,  25." 

'»        n              11 

.78096,  30.= 

"           fl                    n 

.8086,  19.° 

77°-77''5- 

"  Propyl      «                iso. 

CjH.O. 

.791.  15^° 
.7915,  i6?5, 
.320,  0.= 
.Si 3,  Io°3. 
.780,  5i?i. 
.749,  84.° 
.8T3,  'Z-" 

.8  [2,  16." 

83''-84.° 
83=-85." 

98=5. 

97"- 101." 
97''^8.= 

='       I           " 

.8205,  o," 

96,° 
96=-g7.= 

"Butyl          ■' 

C,  H„  0. 

.8032,  iS"5. 
.8.7,0.°-) 

,809,  ii.-; 

109.° 
io7°5^ 

AUTHORITIES 

'Herre.    43. 

"     Pierre iiPuchot,  21.434. 

'Andrews.    1.89, 

1!\ 

<.  Banmhauer     13  S93. 

"     Kerre&Paehot.  21.434. 

s  Person.    1.91. 

u 

Mendelqeff     1=1  469. 

»     Herre&Puohot.  21.434. 

'Fownes.    P.  T.  1847.  249. 

IB 

Mendelejetr     18  469 

"     Pierre  APuchot.  21.434. 

11 

Jlendelqeff    18  469 

=»  Chancel.    A.  C.  P.  151.302. 

"  'l  Wackenroder.    1. 682. 

MendelejefF    18  469 

^  Cliapman  &  Smith.  C.8.J. 

'Drinkwater.    1.682. 

18 

Mendelqeff     IS  460 

22.194. 

^Delffe.    7.26. 

1» 

Mendelejeff     is  460 

MSaytzetr.    Z.  F.  C.  13. 107. 

>WetlierI!l,    J.  F.  P.  60, 202. 

Mendelgeff    1-i  469 

"Rossi.    A.  C,  P.  159.  79. 

■'■■Jlen.lelejeff.    14.20. 

>'Wurtz.    A.  C.  P.  93. 107. 

■=  Poaillet.    12.  439. 

's  Linnemann     18  4BS. 

"S/ Pierre  &Puchot.  21.434. 

^S 

liersch. 

A.  C.  P.  144. 

41. 

"ip 

larreitPueiio 

21.434. 
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SPECIFIC  GRA  YITT  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling      , 
Point.       1 

Melting 
Point. 

'  Bntyl  alcohol. 

C.HioO. 

■774-  SS-"  1 

.8055,  i6?8. 
.8=6,  0.- 

107?5-             ' 
108?;. 

n5°-n6." 

.8239,  0.° 

.8 105,  20.° 

.7994,  40-° 

■7738.  98'7- 

■7735.  93^9- 

">     «           «                 iso. 

.85,  0.° 

96"-^8.° 

Ill                   I 

.827,  0."  I 
.810,  22,")" 

99-° 

.8003,  1 8.° 

108=39. 

»Aniyl       . 

CjHi.O. 

.8184,  15-° 
.8137,  1 5.= 
.8271,0." 
.8185,  T5-° 
.8144,  i5°9. 
f.8145,  16^4, 
t.8127,  i6''4- 

132, 
'33-° 
i3i?8. 
'34-° 

i3i-t- 

">     «           « 

760.  m.  m. 

.8253,0.°  mean. 

"       a              n 

132.° 

::  ■    ■ 

.818,  14.° 
.8248,0.=    1 

132.° 
i27<'-i2g.= 

1 30V  3 ''6. 

: :    ;; 

,819,  18.° 

.8296]  0.''       -1 
.8.68,  20.= 

3"         « 

n 

IS?-" 

'•'       n              II 

-:         1  .8065,  40.°       1 

740.  m.  m. 

»=       « 

" 

■7835.  99°' 5 

J 

AUTHORITIES. 


I /Pierre  APuehot.    21.434. 

lODeLuynes.     A.  C.  Plij-s. 

"Person.    1.  fll. 

'1  Pierre  &Puchot.    21.434. 

(*].2.424. 

»CIiapman& Smith.  C.S.J. 

"/Lieben.  A.  C.  P.  150. 114. 
I'lLieben.  A.C  F,150.114. 

=^  Pasteur.    8.615. 

22. 161. 

^  1  Kopp.    18. 
i«\Kopp.    18. 

'Saytzeff.    Z.  F.  C.  13. 108. 

LielDen&  Rossi.  A.C.P. 

196. 

158. 137.           [158. 137. 

nCahoura.    A.C.  P.  30.288. 

28Men(tel«;!eff.    13.7. 

« 

LiebeniS RoBsi.  A.C.P. 

iSKopp.    A.  C.  P.  56. 16G. 

JS 

Lieben  &  Rossi.  A.C.P 

LiebenARossi.  A.C.P. 

"Pierre.    1.82. 

159.  70.              [159.  70 

158, 137.          [158. 137. 

"Eieciclier.    1.698. 

Lieben  &  Rossi.  A.C.P 

Li*ben  &  Rossi.  A.C.P. 

i»      Kopp.    13. 

Lieben  ct  Rossi,  A.C.F 

t 

Lieben  &  Rossi.  A.C.P. 

159.70.            [159. 7C 

1      158. 137. 

»      Kopp.    13, 

Lieb«n& Rossi.  A.C.F 

"      Kopp.    13, 
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SPECIFIG  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Amyl  alcohol.            iso. 

Cj  H,,  0. 

■8^49.1     „ 

.8260,  r- 

759  >"■  m- 

[For  amylene  hydrate,  sec 

miscellaneous  compounds 

oftheEtliylcne  Series.] 

"  Ilexyl  alcohol. 

0,  Hi,  0, 

.833,  0."     1 
■?54.  loo.^J 
.820,  17.° 
.813,  0.° 
.819. 

J48=-i54.'> 
i5o''-i53.° 
156?6. 

«       "             «                      p. 

.8327,0.=   ^ 
.8309,  16."  ^ 

.7482, 99.°  3 

137-° 

"  Hcptyl     « 

C,II,,0. 

.793,  i6?5. 
-819,  23.- 

.78.= 

165.-' 

i5S°-i6o.° 

'"      "             "         Producla 
"        "               "         from  four 
'8       ,.             „         different 

.8291,  1395. 

1 63"- 165." 

.8286,  19=5. 

1 64°-!  67.= 

■795.  IS-" 

1 63°- 168." 

i»        „               „           sources. 

.8479,  1 6.° 

.64^5- 

CsH^O. 

.833,  17.= 

179-° 
178.= 

::    : 

,826,  16.° 
■830.  16.° 

i8o°-i84.'' 

1 90"-!  92.' 

i96''-i97.'' 

"  Dec^tyl  alcohol. 

C,„  H^  0. 

.8569,  0.= 

203°3- 

"Endecatyl    «    secondary. 

CiiH.,0. 

.8268,  19." 

22S''-239.'' 

"Cetyl            «                     C,5H,,0.j 

s.  48.° 

AUTHORITIES. 


i/Wurla.     7;,  F.C.  11.430. 
'IWurtz.    Z,F,C,  11.490. 

"Wills,    6,508. 

"Mosclniiii,    J.  F.  P.  60.  207, 

■=Stiideler.    10.361. 

"Squire.    7,583. 

=  /Fi^et.    6.504. 
*\Faget.    6.504. 

"3  Petersen.    14,612. 

^  Pelouze  and  Caliours.    16. 

"  Bonis  &Carlet.    15.413. 

529, 

spelouw&Cahoura.  16.527. 

'SFaget.    15.413. 

"  Schorlemmer.    21.  447. 

"Buff.    21.336. 

"  f  Schorlemmer.    A.  C.  P. 

^Zincke.    Z.  P.  C.  12.55, 

'  Francfiimont  and  Zincke. 

138.257.         [136.357. 

"Benesse.     A,  C.  P,  1G6. 82. 

Cliem.  News.  24. 263. 

"      Schorlemmer.    A.  C.  P. 

• 

Wanklyn  &Erlenraeyer. 

■9  1  Schorlemmer.    A,  0,  P. 

>8A.  (Jieseoke.     Z.  P.  C,  13. 

ie.521.              [16.521, 

136,  257.         [136.  257, 

431. 

» 

Wanklyn  AErlenmeyer. 

'9  I  Schoriemmer.    A.  C.  P, 

^Chevreiil,         Watts'   Dic- 

lu 

Wanklyn&Erleiuiieyer. 

»  Bouis.     7. 581, 

tionary. 

16,521. 
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137 

Name, 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Cetyl  alcohol. 

=  Ceryl 

'  Myricyl    " 

s,  49''-49'5- 

79." 

8;.= 

2d.  OXCDES  OF  THE  ETHYI.  SERIES. 


~ — ■■ — — - 

— 

„  ... 

Name. 

Formula. 

Specific  Gravity. 

Point^ 

Point. 

•  Methyl  oxide. 

0,  H,  0. 

-23?6s. 

^Methyl  ethyl  oxide. 

C,  H,  0. 

"■° 

*  Ethyl  oxide. 

C,H,„0. 

.7119,  24-8. 

.7 '3.  20." 

■733.  I2°^ 

-73568,  o."                   1 

.72895.  6'9.  m.  of  2,J 

■73574,  0.° 

.728,7." 

.73644.  0."  m,  of  2.  "I 

35^7. 
34-° 

34°9- 

35?5^ 
34^9. 
35-6. 

35^= 

.63987,  78°3.              1 
■60S96,  99^9.              j- 

.55958,  I3i°5. 
■51735.157.°             J 

"       [1          (( 

,7204,  i5'?8./ 

"  Ethyl  propyl  oxide. 

CJIi^O. 

■7447.  0." 

54''-5S-° 

^      "     butyl 

CcH„0. 

.7507,  0.° 

«        „            ••              u 

.761,  0.° 
.7694,0.=  -) 

9i'r5-92'?5. 

^       «            ,.              a 

■75«.-^= 

91-7. 

'"       '■            1              •' 

" 

.7367,  40.°  } 

,,.,.... 

AUTHORITIES. 


"  /  Kopp.    13. 
«1.Kopp.    13. 

'Kekulffs"Lelirbuch." 

"Pierre.    15. 

■«Morkownikoff.     A.   C.  P. 

^Berthelot.    Watts' Diet. 

"Andrews     1  «9 

138.  374. 

BRegnault.    16.70. 

"Person      1  91 

»Wurtz.    7.574. 

«Williamson.     4.511. 

i«Dem     7  26 

"  Say  tzeff. 

'WurU.     9.563. 

11 

Mendeleieff  17 

nr-% 

SJ 

Lieben&  Rossi.  A.C.P- 

*  Gay  Luasac. 

IB 

Mendelejefi"  57 

'-HU 

158. 137.          [158. 137. 

»  Dumas  &  Boullay.     A.  C. 

IV 

Mendelejeff  57 

iU 

LiebenARossi.  A.CP. 

Phys.  (2).36.294. 

Meiulelqeff  '.l 

Klht 

'"  Muncke.    30. 

■a 

Mendelejeff  57 

llsil 

158. 137. 
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Name, 

Formula. 

Specific  Gravity. 

Boiling 
Poim. 

Melting 
Pomt. 

'  Methyl  amj-l  oxide. 

C„  H,,  0. 

92.- 

'  Elhyl 

C,  H,,  0. 

.S036,  14?7- 
.764".  f8.° 

111M13.' 

[Compare  with    amyleac 

ethylate.] 

'  Ethyl  hexyl  oxide. 

Cb  His  0. 

,7752,  16^5. -i 
.7344,  03-'   ) 

13 '"-'33-° 

s       „            K            n 

" 

9        ,r 

.776,  13.' 

132'-!  34-° 

"  Methyl  hcptvl " 

830,  1 6?  5. 

160?  5-161.° 

'■  Ethyl         «      « 

C,  H,,  0. 

.791,  i6.° 

177.° 

"  Amyl                " 

C,„  H„  0. 

-779- 
.7994,  o-" 

17  5°-!  83.= 
i7o'=-i7S-° 

'*  Amylheptyl    " 

C„  II«  o. 

,608,  20." 

■=  Hexyl               «          p. 

2o3?5-2o8^5 

"  Ethyl  cetyl      « 

C,s  H.„  0. 

20,° 

"  Amyl     «          " 

C,i  H„  0. 

30-° 

'"  Cetyl 

C„  H(e  0. 

55." 

3d.  ACIDS  OP  THE   FORMIC  SERIES.    0„  H.,^  Oj. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point, 

"  Formic  acid. 

CH,  0^ 

1.23S3.  12.° 

98''5. 

;;   ■    ■ 

,.2227,0.°     1 
1.2067,  13'7J 

105=3. 

:      ': 

iSP 

99^8-10^-3. 

AUTHORITIES. 


'Rcboul&Truohot.  20.582. 

'»Lieb^.    See  13. 

'» Wills.    6.510, 

"fKopp.    IS. 
^iKopp.    13. 

■Qutliiie.    10.428. 

"Wills.    6.510. 

<Mendelqeff.    13,7. 

"Eieokher,    1.698, 

''Person.    1.91, 

'Reboul&Truchot.  20.582. 

"Wurtz.    9.564. 

"Watts'  Dictionary. 

-» 

"Wilts.    6.510.        [16.521. 

"Roacoe.    C.  a  J,  15.  270. 

19.  357,            [19.  357. 

I'Wanklyn  and  Erienmeyer. 

"■Landolt.    P.  A.  117.353. 

Sohorlemmer.     J.  C.  S, 

'« Becker.    A.  C.  P.  102. 220. 

»|-Semenoff.  A.C,Phv3.(4) 

" 

Schorlemmer.     J,  C, .  S. 

"  Becker.     A,  C.  P.  102.  220. 

\     6. 115.                  [6. 115. 

Ifl.  357, 

■"Fridau.    AC.  P.  83.22. 

"  ( Semenoff.  A.  C.  Phys.  (4) 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Acetic    acid. 

*!          «               "                   1. 

C,  H,  0,. 

1.0630,  16.° 

1-0622. 
1.0635,  15° 
1. 100,  8»S.  1 
(.0650,  is.^J 

114.° 
119.° 

22=5. 
i6.° 

;:  "   " 

1.0800s,  0."  > 
1.06195,  '7-"] 
1.0335.  ^0." 
1.0607,  1;.° 
1.0563.1      „ 

ii7?3. 

7«o  m.  m, 

116.° 

17.° 

1*          t(               u 

1.0514,20,° 

118.= 

"Propionic  acid. 

Cj  H„  0,. 

1.016!,  o."  ) 

.99ii.2;°2.| 

142.= 
141%. 
,fo  m.  m. 

'=  Butyric        " 

C,  H,  0,. 

.9963.  30-° 

.992, 18." 

.9675, 25.° 

.963,  '5-° 

140.° 

i39-° 

164." 

164.° 

:  ■     ■ 

I 

.9S862. 0,"              \ 
.9739.  i5.''m.of2.J 
.98165,  o.» 
.973,  7° 

-9673.  iS-° 

.9610,  20.= 
.9850.  i3'^5- 

157-° 

760   m.  m. 

163° 

156.' 

162.° 

165.= 

-I2.=r5.-i4.'' 

AUTHORITIES. 


iMollcrat.    A.  C.  Phj-s.  (J). 

i^JKopp.    IX 
"iKopp.    13. 

"^  Linnemann.     SI.  433. 

eS.  S8. 

^  Clievreul.    See  13. 

'  Low-itz.  Watte'  Dictionary. 

"Delffs.    10. 

"Pelouze&G^lis.    P.  A.  50. 

ISmlT"'*'}^"'^^- 

"  MendelejefF.    13.7. 

'*  1  Eoscoe.     C.  S.  J.  15.  270. 
iHEoscoe.    C.  a  J.  15.  270. 

"Pewon.    l.OI. 

"SebiUe- Auger.   Watts' Dic- 

«(Kopp.   13. 
"iKopp.    13. 

tionary. 

i=I^ndolt.    P.  A.  117.353. 

«Molir.    A.  C.  P.  31.  277, 

"Dumas,  JIalaguti  and  Le- 

s*  Pierre.    15. 

'      Persoz.        Watts'     Dic- 

blanc.   1.551. 

»Deim,    16. 

tionary. 

"Limprieht&Uslar.    8.508. 

"Mendelejeff.    13.7. 

'      Persoz.        Watta'    Die- 

isfKapp.    18. 
"iKopp.    IS. 

tionarv. 

"Built.    A.  C.  P.  139.  62. 

"Person,    1.91. 

=1  Landolt.    P.  A- 117.  353. 

=iGoogle 


SPECIFIC  GBAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

M  citing 
Point. 

'  Butyric  acid,     iso. 

C.  H,  0,. 

.959S,  0,"      -\ 
.9208,  50.°    \ 
,8965.  -oo."  J 

153°5 

'             u                 <|                   <l 

11 

154'^  5. 

*  Valerianic  acid. 

Cj  II,„  0,. 

.941,  14-n 
.932.  28.=/ 

» 

•> 

'           «           « 

.944.  io.° 

,930,  12.5. 

„ 

.937,  16-5. 

175.° 
'75- 

.9403,  i;.° 
■9555,-°    1 
.9378,  19=6.; 
.935.  15." 
.9533,  15." 

.9313.  30-" 

175.° 

nf.%. 

i74°5- 

174.-= 

-9577.  o-°     ■ 

I           I 

.9415.  20.= 
.92S4,  40.° 
.9034,  99:3,  J 

185-° 

7iS  m,  in. 

'"Caproic         « 

C(  Tin  0,. 

.922,  26.° 
■931.  '5° 

202^-209.= 
198." 

:  I     I 

;; 

.9253,  20." 
.925.  27-° 
.9449. 0-°     1 

[98.- 
199.'' 

204°5 

"a                  « 

« 

,9294,  20." 

to 

"^                B                               <l 

n 

.9172,40.'' 

205.° 

"                 ..                                « 

.S947.99-I- 

="Ocnanthyhcacid. 

C,  II„  0,. 

.9167,  24.° 
.9179.  18.°) 

.9175,  20.=| 

2.S.'>     (?) 

219.° 

AUTHORITIES. 


1 

Morkowtiikiitr.    A.C.I'. 

"Kopp.     18. 

''Wurli,    10,351, 

138.368. 

"Delifs.    16. 

' 

Morkownikoff.   A.C.P. 

»StJo!it.    21.622. 

138.368.         [138.368. 

■SLandolt.    P.  A.  117.353. 

Liehen&Eossi.  A.C.P. 

" 

Morkownikoff.   A.C.P. 

i« 

Liehen&Kossi.  A.C.P. 

150.  70.            [159.  70. 

'  t  Chevreul. 
^  1.  Chevreul. 

159.58.            [159,68. 

n 

Lieben&  Rossi.  A.C.P. 

L)ehen&  Rossi,  A,C.P. 

"Trommsdorf.  A. C. P. 6. 170. 

IB 

Liebenfi  Rossi.  A,O.P. 

159.  70.            [159.  70. 

'Trautwein.                   [267. 

159.58.            [159.68. 

!S 

Lieben&RoBsi,  A.C.P. 

« Dumas  &Staa.   J.F.P.  21. 

Liebeii  &  Rossi.  A.C.P. 

"'Strecker. 

°  Person.    1.91. 

"Chevreul. 

"Stiideler.    10,360. 

'"  Person  ne.    7.653. 

'■  Fehhng.     A.  C.  P.  53.  406. 

''rLandolt.    P.  A.  117.353. 

1.0pp.     18. 

!!1 

razier&GossIeth,    3,398. 

s,i 

Landolt,    P.  A,  U7.  353. 
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Name. 

Formula, 

Specific  Gravity. 

Boiling 
Point, 

Melting 
Point. 

'  Caprylic  acid. 

Cg  H„  0,. 

.911,20.° 

236°-34o,° 

i4°-i5-° 

.90;,  21." 

238,° 

5°  i-s.  3.° 

,901,  18," 

13.°  rs.  9.= 

•Felargonic  " 

C,  H,,  0,. 

.903,21," 

260.° 
255,° 

248=-2SO.° 

18.-15.13.° 
7.°  s,  0,° 

^  Eutylic        11 

C„  H^  0,, 

30,° 

27  °2. 

«        "             «            1. 

■930.  37-° 

264." 

29°5.  s.  28.° 

'"  Laurie         « 

C,2  H,,  Oj. 

42°-43-' 

" 

.883,  20."  s. 

43-° 
42''-43.'' 

IS 

" 

43°8. 

;:  \ 

\ 

45-° 
43%. 
43°5- 

"  Myriatic 

Ci.H^O,. 

53°8. 

53°8. 

53-° 

*'Benomargario  acid. 

CisH^nO,. 

52°-53-° 

"  Isocetic               « 

u 

55.° 

"Cetie  ,                 '1 

■1 

53°5- 

"Palmitic              « 

C,,H,,0,. 

61."  s.  S9-° 

!'              H                                     11 

62.° 

^              11                                     <1 

62.° 

™  Mai^aric 

C„ITj,0;. 

S2°3.s.5o"5. 

"          o                          n 

S9°9- 

'8             11                                     <l 

60.° 

"Stearic                » 

CisHj^O,. 

1.01.0.=  S.I 
.854. 1.      I 

!»           « 

«        11                     <i 

68.  s.  65^8. 

"              B                                     V 

69°-69^2. 

W         «                          n 

69=2. 

"       °                  " 

" 

a,  1.00,9,° 

70.° 

AXJTHORTTIES. 


'Fehling,     A.  C.  P.  53.  401, 

"Schlippe,    A.C.P.105.14. 

"HeintE,    7.461. 

'Perrot.    10.353. 

"Muller.    J,  P.P.  58. 470. 

-sschlippe.    11,303, 

■Fischer.    A.  C.  P.  118, 307, 

"Heinfa.    7.457. 

"Duffy,    6,511. 

"Oudemans.    13.323. 

"Heintz.    10.356. 

•PeiTOt,    10.353. 

"Heintz.    7.456. 

^Hanhart.    11,301. 

•A.Giesecke,Z.P.C.ia.430. 

"Scblippe.    11.303. 

»  f  Saussuie.    Watts'  Diet, 

'Gorgey.    A.  C.  P,  6G,  290. 

»»\Sanssure.    Watts' Diet. 

'Kowney,    A.  C.  P.  79.  236. 

"Walter.    C.R.  22.1143. 

"Duliv.    5.511. 

'Fischer.    A.  C.  P.  118. 307, 

"Bonis.    7.463. 

"^Heinte.    6.446. 

"Maisson.    A.  C.  P.  41.  333. 

"Heintz.     5.505. 

s^Pebal.     7.445. 

"Sthamer.    A.  C.  P. 53, 393, 

■^DwSy.    5.511. 

"Kopp,    S.43. 

liGoi^y.    A.  C.  P.  66.306. 
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Name. 

Formula. 

Specific  Gra-vity. 

Point. 

Melting 
Point. 

'  Stearic  acid. 

C19H35O,, 

69." 

'Arachidic  acid. 

Oa,H,,0,. 

75.^5.  73'S- 

'  EenoBtearic  acid. 

C„H„0,. 

76,= 

•  Cerotic             « 

c„  a,,  0,. 

78'-79-° 
8r-.82.' 

"Mclissio 

CsoH^jO,. 

88 '-89.^ 

4tli.    AUHYDBroES  OP  THE  FOBMIO  SERIES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Acetic  aiilij 

dridc. 

C,   II„   Og. 

1.073,  20-5- 
,,0969,  o."     I 
1.07C19,  i;°2.r 
1.075,  1 5.° 

137^5- 
138-° 

137.° 

"  Propionic 

C„  Hi„  O3. 

1,0,,  ,8.° 

165.' 
164^-166.° 

"Butyric 

0,  H„  0,. 

.978,   I  255. 

a.  190.° 

"Valeric 

C,„H„0,. 

■934.  15-" 

215,'' 

"  (Enantliylic 

anhydride 

CrH^sO,. 

.9'.  i4-° 

"Caprylie 

C,aH„Oj, 

a.  280.= 

"  Pelai^oiiic 

C.H.O. 

5-° 

™  Palmitic 

0,,Hs,Os. 

53^8. 

AUTHORITIES. 


'  Schlippe.    11.  303. 
'(Jo3smann.    6.  W2. 
•Volcker.    1.569. 
•BrcHlie.    1.703. 
sjlaskelyne.    5.  S25. 
«Broi.lie,    1.  T05. 
'Gerhwdt.    5.451. 


'iKopp.    17. 

"  Sclilagdenliauffen. 


'  Limpricht  ct  v.  Uslar.     8. 


'  Gerhardt. 

5CUi. 


P.  P.  58.  23. 


1' Watts'  Dictionary. 

"Jlalerba.    7.444. 

"  Chiozza.    5.  454. 

"  Chiozza.     A.  C.  P.  «.■>.  2SI. 

^Kekul^'s  "Lelirbucii." 
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5th.  ETHERS  OF  THE  SERIES  O..  H.^.  O,. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Jlethyl  formate. 

0,  H,  0,. 

.9984.0."      ") 
,9776,  !5?3.  \ 
.9766,  16.=    ) 

36''-38.° 
32^9. 

33-4- 

•■  Elbyi 

C„  He  0,. 

.9157.  i8.° 
.912. 

.9394.  °° 
.9188,  17." 
.94474,0,°    ) 
.92544-.  i5°7.J 

.9577,  o." 
.93565.  0.' 

53:4- 
54,° 
56." 

54"9- 

54^3. 
52?9. 

.-917. 

55^5.            1 

'"  rropyl 

C,  Hs  0,. 

.9197.  o."   ) 

I      " 

.877.  38=5.  i- 
,836.  72  5.  ) 
.9188,  0."      \ 
,8761,38:5.  [- 
,835,72:5-    J 

82?5-83-° 
S2^5-S3,= 

■'■'  Butyl 

(\  Hi„  Oj, 

a.  loo." 

™         a                    li 

.8S45, 0-°     ■ 

^        a 

.850,  34." 

98=5- 

■a         H                    ir 

.8224,  59'8- 

2»         „ 

.7962.  83?4.  J 

!"  Amyl           " 

C,  H„  0, 

.884,  15-" 

114-° 

AUTHORITIES. 

iLiefaig.   "Watts' Mctionary 

"Andrews.    1.89.                    ' 

f  Rerre  &  Pudiot,    A.C. 

■5  Pierre.   Watts' Dictionary. 

Phys.  (4).  22,  288. 

'  1  Kopp,    13. 

"Pierre.    15.                             ■■ 

Pierre  &  Puchot.    A.C. 

^  J  Kopp.    13. 

I'Delffi..    7.26. 

Phys,  (4).  22.2S8. 

t'  1  Kopp.    13. 

ifLowig,    14.599.                     "■ 

Wurtz.    7,575, 

«Gelilen.\ 
'Liebig.   P"*^^- 

"  |- Pierre  it  Puciiot.Z.  P.O.    ' 

Pierre* Puchot.    A,C. 

12.660. 

Phya.  (4),  22,319, 

« Marehand.      Watts'    DiC' 

Pien*&Puchot.Z.F.C. 

Pierre  <fcl^chot,    A.C. 

tionary. 

12.600. 

Pli>-s,  (4).  22.319, 

51 

Pierre&rudiot.  Z.F.C. 

Pierre* Puchot,    A,  C. 

i»  f  Kopp.    See  la. 

12,660. 

Phys.  (i).  22.  319. 

"  1  Kopp.    See  13. 

«(  Pierre  &  Puchot.     A.  C. 
t     Plijs.  (4).  22.  288.           1 

Pierre  &  Puchot.    A.C. 

"  (  Kopp.    13. 

Phya,  (4).  22,  319. 

"iKopp.    13. 

1 

"Deltfe.    7.26 
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SPECIFIC  GRAVITY  TABLES. 


Name, 

Formula,  i   Specific  Gravity. 

Boiling 
Point. 

Melting 
Poim 

'  A]ii\-1  formate. 

Cj  IIij  0.„     -8945,  0.°  1 

•'      «             « 

.S743.2I.''; 

112. 

=        a                 « 

.8809,  15." 

'  Methyl  acetate. 

O3  lie  O5. 

.919.  22.= 

.9328,  0.°  1 
.9085.21."; 

58,= 

56=2. 

« 

*       "            « 

« 

.9562, 0."      ) 
.93735,  '5-6.i 

56=3. 

"> 

,&,  m.  m. 

,86684,  0.° 

59'5- 

'■'  Ethyl 

C,  H,  Oj. 

,866,  7." 
.89,  15," 

,9051,0," 
.91046,  0,°  ni,  of;, 
,89277,  15=;. 
,8926,  I5"9.            J 

71.° 
74.° 

74°3- 

,60  m.  m. 

:  "     " 

.906,  i7°5. 
.903,  17.° 
■932,  20." 

74^6. 

77?5- 
83,'= 

"      "             "     Purest. 

« 

.9055.  i7"S- 

78^-78's, 

"      i<             « 

,8922,15.= 

74-° 

^'      . 

,8981,  15." 

72"+. 

™  Propyl        « 

C,  H,„  0,. 

3.90." 

"      ..             « 

" 

,9>o,  o.=       -) 

»   . 

.8635,  42'-5-  ^ 
.8137.  84'^-  } 

103.° 

AUTHORITIES, 


'TKopp.     17. 
=  I  Kopp.    17. 

'^Thf^nani,  1         ,^ 

"Giissraan,    5, 5fi3. 

-Liebig.      }8^", 

"Marsson.    6.501. 

'Mendelejeff.    13.7. 

»Dumfl3&Boullay,     P,  A. 

^Deiffii.    7.26. 

*  Dumas  &  Peligot.     P.  A. 

12.  *30.                         [427, 

"Mendelejeff,    13.7. 

"Frankenheim.     P.  A,  72, 

"Pierre  &  Pncliot.      A.  C. 

'Lowig.    See  17. 

"  ( Kopp.    13. 

PJiya.     (4)   22.261. 

"(Kopp.    See  17. 
UKopp,    See  17. 

"J  Kopp.    13. 

"Bertlielot.    Watts'  Diet. 

'»(Kopp.    13. 

Pierre&Puchot.  Z.F.C. 

s/Kopp.    13. 
"iKopp,    13, 

"Pierre,    15. 

12.660.              [12.660. 

Merre&Piichot.  Z.F.C. 

'"Andrews.    1,89. 

"  Marsaon.    4,  514. 

31 

Pierre&I'uchot,  Z,F.C. 

"Kcrre,    15. 

I"  Becker,    5,563. 

12,660. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.  ' 

Specific  Gravity, 

Point. 

Melting 
Point. 

'  Propyl  acetate. 

C,H,„0,. 

8627.  43=5.  \ 
8138,  84=6.3 
9' 3.0° 

103." 

^  Butyl  acetate. 

Cs  Hi,  0,. 

8845.  16.° 

892.0." 
.8^6,  0.=  -\ 
.8747,  16.=    V 
.83143.  50."  ) 

iu"-l[3.° 

s     «            1 

II7''S- 

10         I, 

.9000,0."  ^ 

.8817.20." 

"      ,.           <i 

.8659,  40-°  ) 

""  "'■  ™- 

.905a,  0.° 

i;     u          11 

,8668,  37- '■ 

|«     ., 

.8328,  68^9. 

11695. 

.8096,  89=4. 

"     «          « 

.7972,99-75-' 

'» Aiuyl       « 

C,  Hi,  0,. 

■™        n                 r( 

.857=,  ^-n 

.876;,  0-=  f 

133°3- 

^  ;;    :; 

.8837.0."    1 
.8693,  rs^i.f 
.863,  10." 

137^6. 
133.'' 

,5  I      !! 

.S762,  1;.' 
.8733.  J  >  5." 

^  .1      <. 

.8963,0."    \ 

20      1,             « 

.S792,  20.=  ^ 

I48"4. 

™  „ 

,8645,  40-°  ) 

,37  m.  m 

Al'THORITIES. 


ierce  &  Puchc 
Phys.  (4). ; 


A,  C. 


APuehot.    A.  C. 
Phya.  (4).  22. 289, 
Pierre  &Puchot.    A.  C. 
Phys.  (4).  22.2fi9. 
Rossi,    A.  C.  P.  159.  79. 
'Wurtz.    7.575. 
'DeLuynea.    16.503. 
'  Lieben.    21. 443. 
'  f  Chapman&Smith.  C.8. 
i     J, 22. 160.      [J.  22. 160. 
•  I  Chapman&Smith.  C.S. 
"  I  Clyipman&Sraith.  C.S. 
1.    J.2i 


.100. 


Lieben  &  Rossi.  A.  C,  P. 

158. 137,  [158. 137. 

Lieben  &  Rossi.  A.C.P. 
Lieben  &  Rossi.  A.C.P. 

158. 137. 
Pierre  &  Puchot.     A.  C, 

Phys.  (4).  22. 322. 
Pierre  &  Puchot.    A.  C. 

Phys.  (4).  22.  322. 
Pierre  &  Puchot.    A.  C. 

Phys,  (4).  23.  322. 
Pien'e  &  Puchot.    A.  C, 

Phys.  (4).  22.  322. 
Pierre  &  Puchot,    A.C. 

Phys.  (4],  22, 322. 


'Cahoura.    See  17. 
»lKopp,Seel7.1      Eariy 
>' I  Kopp.  8eel7.  /   Sotions. 
^  (  Kopp.    17. 
s3(Kopp.    17. 
«Delffe.    7.26. 
a  Mendelejeff.    13. 7. 
*  f  Sohorlemmer.    19. 527. 
"Ischorlemmer.    19.527. 

Lieben &Eossi.    A.C.P. 
159.  70.  [159, 7G. 

Lieben  A  Rossi.    A.C.P. 

Lieben  &  Rossi.    A.C.P. 
\      159. 70, 
"Wurtz,    Z.  F.  C.  11. 490. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point 

Melting 

1  Hexyl  acetate. 

C,  H,„  0,. 

.8535,  0.- 

U5° 

1 40^-145.'' 

^      „             «                  li. 

.8778.  0.°  1 
.8310,  50.-; 

1 55°- 157-" 

787™.  "1. 

=  Heptyl     " 

CsIIi,  Oj-    ,8d68,  19.° 

"                                      IC 

,8707.  i6^5- 

1 78"-!  80.= 

■i         1  .8605,  16.° 

i3o=-[83.- 

« 

180.° 

»  Octyl 

c,„n_^o,- 

.8717,  i6.° 

193.° 

191°- 192.° 
igo'-i95.'' 

2o6°-26S.'' 

"Nonyl       « 

0„H^0, 

208°-2I2.'' 

"Cetj-1 

C„H^O,. 

.858,  20.° 

222''-235.° 

18=5. 

"  Ethyl  propionate. 

C,H,,0, 

.9231,0.=    \ 
.8949,  26°3.j 
■9>37,o.°   ) 
.863,  Af.u  \ 
.317,83.°   3 

93"2-yS.= 

1 00.° 

« 

7fe  in.  111. 

.9 '39.  o-° 

.862;,  45?i.    . 

100.° 

=1     i,              .( 

.3i6,  83."     J 

^j  Propyl        " 

C,  !I,j  0,, 

.903. 0."         1 
,857,  51^27. 
.795,  ioo?6.     1 
.785,  io8?34-  > 
,9022, 0.=        -1 
.8498,  5i°27.    [ 

i24'?3- 

123-5-125  = 

"      "              " 

.7944.  io0'6.    .) 

AUTHORITIES. 


iPelonzeACahoura.  16.327. 

"Peiouze&Cahours. 

^  <  Pierre  &  Piicliot.     A.  C. 

'Buffi    21.3315. 

iSDoUfna.    17,5ia. 

Phya.  (4).  22.351, 

'  f  Waiiklya  &  Erletimeyer. 

'«  LimprichtA  V.  Ualar.  8. 500. 

lb 

Pierre  &Puchot.  Z.  F.  C. 

\      16.522.              [16.522. 

"fKopp,    18. 

13.628.               [13.628. 

I'lKopp.    IS. 

w 

nerre  &  Pnehot.  Z.P.O. 

sschorlemmer.-j   A.  C.  P. 

■»    Pierre  A  Puchot.  Z.F.C. 

Pierre  &  Puchot.  K.P.C. 

«Schorlemmer.  t  136.271. 

12.660.              [12.660. 

12.628.                [12.C2.S. 

=0    RerreAPuchnt.  Z.F.C. 

H 

Rerre&Pncliot.  'I.T,0. 

"Bouia&Carlet.     A.  C.  P. 

"    Pierre  A  Puchot.  Z.F.C. 

19 

Kerre  &  Pucliat.      A.  C. 

121. 353. 

12.660. 

Phj-s.  (4).  23.2^3- 

'Bonis.    S.520. 

^  c  Herre  &  Pndiot.      A.  C. 

W 

Pierre  &  Pucliot      A.  (1 

"Dacliauer.     11.305. 

I'hys.  (4).  22.  351. 

Phva.  (4).  22.  203. 

"PelonzeACahoitrs.  16.529. 

25    Pierre  &  Paehot.      A.  C. 

Pierre  &  Puchot.      A.  C. 

.     Phys.  (4).  22.  351. 

Phys.  (4;.  22.29J. 

"Zinclre.     22.370. 
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SPECIFIC  GHAriTY  TABLES. 


'  Propyl  [jropioniito. 
^  Butyl 


'*  Aiiiyl  " 

"  Methyl  butyrate. 


a,  lIi.Oj. 


Q  Hie  0, 

C5  11,0  0; 


7839,  io8?34.         I 

.844;.  49?2.      I  135^7. 

,7903,  [00M5.  I       I  '^■-  - 
,7705,  116-5.    J 

8437,  49-2-  ! 
7896,  100^15.  f 
.7698,  i[6°3.  J 


.9045.  iS'^S-") 


.90412,0- 
.89065,  13.' 
.90193,  o." 


.84i,47''zS.  I 
.785,  100^25. 
.753,  128?7S.J 


AUTHOEITraS. 


A.  C. 


f  Pierre  &  Pachot. 
I     Phys.  (4).  22.  293. 
Pierre &Puchot.    Z.F.O. 
12.660.  [12.ftfiO. 

Pierre  ft  Pachot,    Z.F.C. 
Pierre  &  Puchot.   Z.F.C. 
12,fifiO.  [12.660. 

Pierre  &  Pnchot.    Z.F.C. 
Pierre  &  Pucliot.      A.  C. 

Phya.  (4).  22.  324. 

Pierre  &  Puchot,      A.  C. 

Pliys.  (4).  22.  324. 

'    Pierre  &  Pucliot.      A.  C. 

Phya.  (4).  22.  324. 


'  f  Pierre  &  Pucliot.     A.  C. 

I     Phys.  (4).  22,  324. 
'Wrighfaon.    6.439. 
'  Favce  &  Silbermann.    See 

2  (  Kopp.    13. 
nKopp.    13. 
•  Pierre,    15. 
SDellB.    7.26. 
•/Kopp.    IS. 
'  I  Kopp.    IS. 
^Peloaze,    >  „     ,_ 
»Lerch.       l"^"""- 
«  (  Kopp.    13. 
"I  Kopp.    13. 


Pierre.    15. 
MDelffa.    7.2G. 
Mendelejeff.    13. 7. 
Berthelot.    gee  17. 
■  Pierre  A  Puchot.  Z.  F.  C. 
12.660.  [12.660. 

Pierre  &  Puchot,  Z.  F.  C. 
Kerre &  Pucliot.  Z.F.C. 


12.6 


[12.6 


^  I-  Rerre  &  Puchot.  Z. 

3"  f  Pierre  &  Puchot,      A,  C, 

}  Phys.  (4),  22,  295, 
"  I  Pierre  &  Puchot.     A.  C. 

I     Phya,  (4).  22.  295. 
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SPECIFIC  GEAVITY  TABLES. 


Name. 

Po™.,.. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Propyl  biityrate. 

U,  Hj,  0,. 

.7842,  loo?25.-| 
.752  5.  128=75-1 

=        a                 a 

'      «             «           iso. 

.8787,  0.°  -. 
.8652,  IS."! 

128,° 

^     „ 

755  ■".  m. 

^  Butyl 

CsH.O,. 

.872,  0.= 
.8245,  5i?8. 
.776,  99°6. 
-7445.  I28?3. 
.8885,0.°    ) 

I49°5- 

753  "1.  m. 

•^Ainyl'         " 

C,  His  O^. 

.8717,  20.=  [ 
.8579,40.0 
.8719,  0.= 
.8238,  5o';8. 
■7753.  99°8. 
.7439-  I28?3.J 
.8683,  t5.° 
.853,  T5." 
.8769, 0.°       1 
.8264,  55°4-    1 
-7839,  100=2.  1 
,7446,  i39°5--' 

165-5. 

i49°5-  . 

176.= 
i7o=3. 

760  m.m. 

«  Cctvl 

C»H.„0,. 

.856,  20.°  I. 

26o°-27o.'= 

20.=  rs.  15.° 

"  llctliyl  valerate. 

C„  H,.,  0,, 

.8960.  0.°  1 
.8S06,  i6.=| 

»      «             « 

">      ((             .1 

.901525,0.°  -) 

'f'      « 

.88687.  15°    [ 

116=2. 

"      11             <i 

.88662,  1 5"3.) 

76^  m.  m. 

™      «             « 

.9005,0.° 

"           (I                       B 

.8581.41-5. 

■8343,  64=3. 
.7945,  loo-i. 

AUTHORITIES. 


Pierre  &  Pueliot,      A.  C. 

1! 

Pierre  &  Puchot.      A.  C. 

"  (  Pierre  &  Puchot.      A 
I     Phys.  (4).  22.  343. 

Phys.  (4).  22. 295. 

Pbys.  (4).  22.326. 

Pien«  &  Pttchot.      A.  C. 

Pierre  &  Puchot.      A.  C. 

"Dollfus.    17.518. 

Pliya.  (4).  22,  295. 

Phys.  (4).  22.326. 

""tKopp.    See  17. 
'"IKopp.    See  17. 

Silva.    Z.F.C.  12.508. 
Silva.    Z.  F.  C.  12. 608. 

Pierre  &  Puchot.      A.  C. 

Phys.  (4).  22.  326. 

K 

fKopp.    13. 

Pierre  APnchot.  Z.  F.  0. 

lb 

Pierre  &  Puchot.     A.  0. 

■M 

Kopp.    13. 

12.  628.                [13. 628. 

Phys.  (4).  22. 326. 

i7 

Kopp.    13. 

Pierre  &Puohot.  Z.  F.  C. 

"Mendel^eff.    13.7. 

SB 

Kerre  &  Puchot.      A 

(' 

Pierre  a  Puchot.   Z.F.C. 

"Delffs.    7.26. 

Phys.  (4).  22.  349. 

12.628.              [12.828. 

'"    Pierre  &  Pachot,      A.  C. 

» 

Pierre  &  Puohot.      A 

a 

Pierre  ifcPuchot.   Z.  F.O. 

Piiys.  (4).  22.  343. 

Pliya.  (4).  22.  349. 

IJebenA  Rossi.    A.C.P. 

"    Pierre  &  Pnehot.      A.  0. 

Pierre  A.  Puchot.      A 

a. 

158.137.           [153.137. 

Pliya.  (4).  22.343. 

Phys.  (4).  22. 349. 

Liebendt Rossi.    A.C.P. 

^    Pierre  &  Puchot.      A.  C. 

Pierre  &  Puchot.      A 

f!. 

"1 

Lieben  &  Rossi.    A.  C.  P. 

Phjs.(4J.  22.343. 

Phys.  (4).  22. 349. 

L     158. 137. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Fomiula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Ethyl  valerate. 

C,  H„  Oj. 

894.  IS-" 
869,  14-" 
8829,  0."  ) 
8659,  18."! 
886, 0."        , 
-S32,  55-7- 
.7843,  99-63-  1 
.75«=,  123.5.J 

133=5- 

'33°-i34-° 

131." 

i35''5. 

,6„ra.  m. 

'  Propyl 

'=      .             u           iso. 

Cs  H„  0,. 

.8S7,  0.°            1 
.8395,  50:8.      1 
.7915,  loo'is-j 
.776,113^7.     J 
.8862, 0.°        1 
.8387.  50=8-      1 
,7906,100^15. 
-7755.113^7.  J 
-8702,0.°  1 
.8538,  17.°; 

157.° 
761  ra.  m. 

'57-° 

142.° 

73S  m.  m. 

1'  Butyl          " 

0,  H„  0,,- 

.8S84. 0.°      ] 

:  ::     ;; 

.8438,  49°7- 
.7966,  100.= 
.7438,  i55=-8.J 

173=4. 
7&,  m.  m. 

'■'  Aniyl 

C,„H™0,. 

-8793,  a''    X 
.864;,  i7°7.) 

a.  196.° 
iS8.° 

;:  I     "'• 

,8596,  15-° 
.874,  o.»       1 
.832,  50=67. 

.740,  149°5.' 

190.° 

='  Octyl           « 

C„H^O,.  1  .8634.  '6.° 

349''-25f.° 

AUTHORITIES. 


ii' 

Pierre  &  Pnchot.  Z.F.C. 

™  (  Pierre  &  Pachot.     A.  C. 

12.660.              [12.660. 

SfKopp-    17. 
4kopp.    17. 
sf  Pierre  ifePttcbot.      A.  C. 

1! 

Pierre  &  Puchot.  Z.F.C. 

11 

Pierre  &  Puchot.      A.  C. 

13 

Pierre  &  Pachot-      A.  C. 

Pliys.  (4).  22.  330. 

Phys.  (4).  22.297. 

" 

Pierre  &  Pudiot.      A.  C. 

Pierre  &  Puchot,      A.  C. 

« 

Pierre  &  Puchot.      A.  C. 

Phys.  (4).  22.  297. 

Phys.  (4).  22.  353. 

u, 

Pierre  &  Puchot.      A.  C. 

"(Kopp.    17. 
'UKopp.    17. 

Phys.  (4).  23,297. 

Phya.  (4).  22.  353. 

K 

Pierre  &  Puchot.      A.  C. 

e 

Pierre  &  Puchot.      A.  C. 

Phya.  (4).  22. 207. 

l     Phys.  (4).  22.  353. 

" 

Silva.    Z.  P.  C.  12.  508. 
Uilva.    Z.F.C.12.508. 

12.  628.      Also,  A.  C. 

»  ( Pierre ftPuchot.  Z.P.C. 

r  Pierre  &  Pnchot.     A.  C. 
Phys.  (4).  22. 330. 

(.nerre&Pucliot.  Z.F.C. 

31 
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SPECIFIC  GBAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Cetyl  valerate. 

C,,H„0,. 

.852,  W.M. 

l2So''-2go.° 

\  =0.  m.  n.. 

25,'>rs.20." 

'  Methyl  caproate. 

C,  H,.  0,. 

.8977.  18.' 

150.° 

» Ethyl 

c,  ir„  0,. 

.882,  18.° 

162.° 

'  Amyl          " 

C„H^Oj. 

211," 

[The  scKalled  ceiiaiitliic 

ether  of  Pelouze  and  Lie- 

big,  (see  A.  C.  P.  19.  241.), 

is  omitted  on  account  of 

its  uncertain  character. 

See    Delffs,     pelai^^'onic 

ether.] 

'  Methyl  caprylate. 

C,  II„  0,, 

,882. 

'Ethyl 

C,„H,,0, 

.8738,  1 5-° 
.8728,  16.° 

214,° 
204°-206.° 

» Octyl 

C„H,,0,. 

,8625,  16.= 

397°-=99-° 

■"  Ethyl  pelatgonate. 
"       a                 «            (?) 

C„H,.0,. 

.86. 
■8725.  'S°S- 

2l6'>-2l8.'' 

224.° 

"Methyl  rutylate. 

223''-224,'> 

"  Ethyl 

C,,H,,0,. 

.862. 

243°-24S-° 

■*  Ethyl  kurate. 

Ci.  H,90,, 

.86,  20.= 
.8671,  19.° 

264.° 
269.= 

S.-IO," 

"  Ethyl  myristate. 

CibHjjO,. 

.864. 1. 

"  Methyl  palmitate. 

C„H,,0,,, 

28.'S,22.'> 

'"  Ethyl 

Oi8H.^O,. 

24?2. 

"  Amyl            " 

0,1  H„0,. 

9-° 

^'Myricyl        " 

C.jIT,,0,. 

71-5-72.= 

"  Methyl  stearate. 

C.H„0,. 

38.= 

»  Ethyl 

C^H^G, 

27." 

-      I            ! 

3o'-3r-° 

32-" 

3'° 

AUTIIORITITSS. 


I  Dollfus.    17.  513. 
'  FehUng.     A.  C.  F,  53,  399. 
»  Leroli.    A.  C.  P.    49.  213. 
'Fehling.    A.  C.  P.  53.399. 
'  Brazier  &  Gossleth.    3. 400. 
»  Peliling.    A.  C.  P.  53.  899. 
'Fehling.    A,  C.  P.  53.399. 
szincke.    22.373, 
"Zincke.    22,371. 
"Cahours.    3.401, 


I  Delffs.    7.ae. 
'Grimm, 
*  Rowney.    4.  443 
'  Fischer.    A,  C.  ] 
'Qoi^ey.    1.561. 
■DelfiJi.    7,26. 
'  Playfair.    A.  C. 
sBerthelot.    6,50 

OBerthelot.    6.50 


iDuffv.    C.  8,  J.  5.  314. 

"Eerthelot.    6,503. 

^Brodie.    A,  C.  P.  71. 144. 

.118.307. 

"Hanhart.     C,  R.47  230. 

tionary. 

P.  37. 153. 

2, 

S5.51. 

"Francis.    A,  C.  P.  42.  261. 

2. 

sBHanhart,    C.R,  47,230. 
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—         ^^' ■ 

Boiling 

Name. 

Formula.     Specific  Gravity. 

Poinl. 

Point. 

'  Ethyl  stearate. 

c™ir,„o. 

33°3. 
33''7- 
33^7. 

*  Arayl 

O^II«0,. 

25."      (?) 

'  Octyl 

C™H,,0,. 

45-°      (?) 

'  Ceiyl 

C„H^O.. 

ss^-eo." 

"MelhvUrychidate. 

"Ethyl 

C,,H„0„ 

52?5,s.5[.= 

"Amyl 

c,,n^o,. 

"Ethyl  benoatearate. 

C^H^O,, 

"  Ethyl  cerotat*. 

C^HsjO,, 

»  Ceryl 

C„H,™0, 

6th.  ALDEHYDES  OF  THE  SERIES  C.  H,,  O. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

1*  Acetic  aklehyde. 

C,  H,  0. 

.7900,  18.° 

■79442.  i"!-) 

.79388,  5^6.  \ 
.80092,0,''    ) 

2I°8. 

20?8. 
76=  m,  m- 

50 

„ 

.80551,  0.' 
.796,  15.° 

23°-28.= 

^'  Isomer  of  aldehyde. 

« 

1.033.0-° 

no." 

^  Paraldehyde. 

.99S,  1 5-° 

I23'-I24.° 

124.° 

lO^S.S.IO." 

"  Elaldehyde. 

"  Propionic  aldehyde. 

C3  Hs  0. 

.790,  15,° 
.8284,  0.° 

94." 
5S=-6o.= 

;4°-63.'' 

AUTHORITIES. 


'  Crowder.    5.  521. 
'DaSy.    5.511. 
SHeintz.    5.517. 
'Pebal.    7.446. 
"Duffy.    5.614. 
•Hanhart.    C.R.  47.230. 
iHanhart.    C.R.  47.230. 
SBerthelot.    A.  C.  Phys.  (3). 

66.70. 
'Caldwell.    9.402. 


1' Pierre.    15. 

Caldwell.    9.493. 

soGuckelberger.    1.848. 

Volcker.    A.  C.  P.  64. 342. 

!i  Bauer.    13.436. 

Duffy.    5.511. 
Watts'  Dictionary. 

i^Lieben.    13.310. 

ssKekuy&Zincke.    Z.P.C, 

LielDie-    A.  C.  P.  14. 132. 

(Kopp.    18. 

WFehling.     A.  C.  P.  27.  319. 

10  Gutkelberger.    J.M+a. 

[kopp,    13. 

MMiehaelson.    li.3a<i. 
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^  Propionic  aldehyde. 


lula.      Specific  Gravity.  | 


.7906,  32  ?6. 

S04.  17." 
.832,  0° 
.8192,  g?7, 
,7898,  33?6. 
.80,  15.° 
.8341,  c" 
.S226,  o." 

7919.  27'^7S- 
,7638,  5o?4. 


,  27?75. 
.763,  5o°4- 


.8224,0-°    1 
,8057,  i7?4.j 

■779.  43°4-  [ 

.778.43-4-     [■ 

.8298,  0.°  1 
.7846,  50.°! 


49-5. 
46.= 


a.  90." 


AUTHORITIES. 


'  f  Pierre  &  Puciiot.  2.  F.  C. 

"    Pierre  &Pucliot.  Z.F.C. 

«';Kopp.     17. 

13.  255.                [13.  255. 

13.  255. 

!1 

Kopp.    17. 

Kerre  &  Puehot.  Z.P.C. 

"    Pierre  &  Puchot.  Z.F.C. 

Pierre  &  Puchot.  Z.  F,  C. 

Pierre  &  Puchot.  Z.P.C. 

13  255. 

13.255.                [13,2.15. 

13.255. 

■s  Lieben  &  Rossi.      A.  G.  P- 

M 

Pierre  &  Puchot,  Z,F,C, 

'Roasi.    A.  C.  P.  159.  79. 

158,137, 

H 

Pierre  &  Puchot,  A,C.P. 

Pierre  &  Pudiot.      A,  C. 

Pierre  &  Puchot.      A.  C. 

13,  255. 

Phys.  (4).  22.  298. 

Phys.  (4).  23.  333. 

■A 

Pierre  &  Puchot.      A.  C. 

Pierre  &  Puchot.      A.  0. 

14 

Pierre  &  Puchot.      A.  C. 

Phys.  (4).  22.  340. 

PJiys.  (4).  22. 293. 

Phys.  (4).  22.  332. 

Pierce  &  Puchot.     A.  C, 

Kerre  &  Puchot.      A.  C. 

IB 

Herre  &  Puchot.      A.  C. 

Phys.  (4),  32.  340, 

Plivs.  (4).  22.  298. 

Phys.  (4).  23.3.?2. 

■a 

Pierre  &  Puchot,      A,  C, 

SGucbelberger.    1.849. 

I'Trautwein.    See  17. 

Phys.  (4).  22.  340, 

"Chancel.    J.  F.  P.  36.447. 

■a 

Wanli:lyn&  Erlenmeyer. 

"J  Pierrc&Puchot.  Z.  F.  C. 

i^Personne.    7.654. 

16.522.                [16,523. 

I     13.255. 

n 

Wanltlyn  &  Erleiinieyer. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Isomer  of  liexyl  alde- 

hyde. 

C,  H,,  0. 

.842.  15.° 

l8o°-(85.'' 

'(Eiiantliol. 

C,  H,.  0. 

.8271.  7.° 
.827,  17° 

1 5  5°-' 56.° 
151°-!  52." 

155°- 1 56.° 

'  Isomer  of  oenanthol, 

.835,  '4.° 

161  °- 1 64.° 

"Octyl  aldehyde. 

c,  n„  0. 

.818,  19.° 
,820. 

171.° 
178-° 

'"  Euodyl     «    * 

Cii  H„  0, 

,8497.  iS-° 

213." 

s.  7.° 

"  Lauryl      " 

C,,  II,,  0. 

232.° 

'=  Cetyl        "                  J 
"  Palmityl  ..                     \ 

Ci,  11,.,  0. 

46'-47-° 

52.° 

7.  ACETONES.     GENERAL  FORMULA  0„  H;^  O. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Acetone. 

Cj  H„  0. 

.7921,  1 3." 
.8.44,0.=       I 
.799+5.  i3^S.J 

56.° 

56=3. 

"            a 

7&=  m,  m. 

IS 

.790.  1 5-° 

55=-56.' 
56''-57." 

•'"  Methyl  acetone. 

C,  Hs  0. 

,838,  19." 
.8125,  13." 

75°-77.'' 
79?  5-8 1." 

'^'        «           <i 

.8063.  i5?3. 

77<'-79.'> 

"  Acetyl  ethvl. 

77=5-78.° 

^Butyral. 

95.° 

'^  Propione. 

C5  H,„  0. 

110.^ 

iFittig.    13.310. 
'Bussy.    J.  P.P.  37. 9 
'Williamson.    1.565. 
<Tilley.    1.566. 
e  StadelCT. 
« Bouia.    8.  524. 
'Fitt^.    13.319. 
6  Bouia.  8.524. 


AUTHORITIES. 

"  KelcuU'3  "  Lehrbuch." 

UDollfus.    17.518. 

"  Dumas.  Watta'  Didionaiy. 

"Liebig.    See  13. 

"  r  Kopp.    13. 

"iKopp.    13. 

isFreund.    13.313. 

nneniann.    A.  C.  P.  143. 


^Fittiy.     12.341. 
"Frankland  &  Duppa.     1 

»Popoff.    20.300. 

"Grimm,    Z.  F.  C.  14.17, 

"Freaiid.    13.312. 

=1  Chancel.    C.R..  10.1410. 

"  Llmpricht  &  v.  Uslar. 

Tricdd, 


,51i.. 


with  motliyl  oapdnal. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Propionc. 

0,  H,„  0. 

.8n,  n?5- 
.8145,0."  \ 
.8015.15.=; 

101." 

«           .8078,  i8?s. 

99"-ioi.-' 

=  Methyl  butyra!. 

.827,  0.= 

HI." 

'  Ethyl  acetone. 

.842,  ig." 
.8132,  i3.°l 
.8040,  22.°; 

go^-gs." 

101.° 

'"  Dimethyl  a^etooe. 

.8099,  13.= 

93';5- 

"  Ethyl  butyral. 

C,  H„  0.     .833,  0.° 

128.° 

"  Isopropacetone, 

" 

,81892,  0." 

114.° 

'^  Methyl  Viileml. 

120.= 

"  Butyroiie. 

c,  ir,.  0. 

.830. 

144,° 
145.° 

"Diethyl  acetone. 

" 

.8171.  22." 

i37'^5-'39.° 

"  Methyl  amyl  acetone. 

.828— .829. 

144.° 

"  Methyl  butyrone. 

Cb  Hi,  0. 

.827.  i6.° 

180," 

'*  Methyl  cenanthol. 

.817,  23." 

I7i''-i7i^5- 

»Valerone. 

0,  H„  0. 

164°- 1 66." 

"  Caprone. 

c„  ir„o. 

165.= 

'^  Butyl  butyrone. 

.828,  20." 

222." 

s.  12.° 

"Methyl  capriiiol.* 

.8295,  i7?5.l 
,82Si.  i8?7.) 

224.° 

s.  5=to6.° 

2»               U                             B 

.8268,  20?S. 

225"-226.° 

iS^rs.e." 

''■  CEiianthone. 

C„  H,B  0. 

.825,  30.° 

264.° 

=rs.29?5. 

"  Caprylone. 

C,s  H„  0. 

278." 

40 

'  s.  38.^ 

^  Capriuone. 

CH^O. 

38 

=  s.  56." 

^  Laurone. 

C^H^O. 

66 

'"  Myristone. 

C„  Hs,  0. 

75 

"  Pahnitone. 

C,„  H„,  0. 

84 

"  s.  80  = 

iGeuther.    20.455. 

2  f  Chapman  &  Smith.     20. 

^463.  I     ■ 

'  I  Chapman  &  Smith.     20. 
•Freund.    13.313. 
5  Grimm.    Z.  1'.  C.  14. 174. 
'Friedel.    11.295. 
'Fittig.    12.341. 
*  fFrankland&Duppa.  19. 

J      307.  [307. 

'  ( FranMand&Ihippa.  18. 
'"Franlilanii  &  Duppa.    18. 


AUTHORITIES, 

Friedel.    11. 295. 
-Frankland  ife  Duppa.     20. 

305. 

'Williamson.  A.C.P.81.86. 
'Chancel.     A.  C.  Phys.  (3). 

12. 146. 

'Friedel.    11.295.         [306. 
'  Frankland  &  Dilppa.     18. 
'Popoff.    19,  314. 
'Limpricht.    11.296. 
'StadelCT.    10.361. 
'Ebersbach.     A.  C.  P.  106. 


=1  Brazier  fiQosaleth.  3.  S99. 

^Limpricht.    11.296. 

™  rGorup-Besanezift Grimm. 

J     Z.  P.  C.  13.  290. 
"    Gonip-B«saiiez  it  Grimm. 

I     2.  F.  C,  B.290. 
«>A.Giesecke.  Z.F.C.13.428. 
»v,TJslar&Seekamp.  11.299. 
s'  Guckelberger.    2. 340. 
!8  Grimm.    A.  C.  P.  157.  271. 
''Overbeck.    5.602. 
™Overbcek.    5.503, 
SI  Maskelync.     C.  S,  J,  9. 11, 


*  Compare  Mi^Uiyl  eaprinol  with  Euiidyl  aldehjde. 
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155 

Name. 

Formula. 

Specific  Gravity. 

Boiling         Melting 
Point.        \      Point. 

'  Stearoiie. 

C,,H,„0. 

86.° 
87^8. 

8th.    OXIDES  OF  THE  ETHYIjENB  SERIES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

■  Ethyleiae  oxide. 

Cj  H,  0. 

.8945.  o-" 

i^^S- 

*  Propylene    « 

C,H,0. 

.859,  0-" 

35-" 

sAmylene      « 

C5  11,0  0- 

95-° 

'Octylene       <■ 

Cj  H,j  0. 

.831,  15-° 

145-° 

'Diamyleiie   " 

C„  H^  0. 

.9402,  o." 

I7o''-i8o.'' 
1 80°-!  90.° 

"  Dioxethyleiie. 

C,H„0, 

^"Ethylene  ethylidene 

1.0482,0.° 

102," 

9° 

oxide. 

" 

1.0002,  0. 

_ _ 

Oth.  GLTCOLS. 


"  Ethylene  glycol. 

'^  Propylene     " 

"  Biitylene  « 

"  Amyleiie  « 

"  Hexj'lene  « 

"Octylene  " 


Ci  He  O3. 
Cj  Hb  0,. 

Oe  H,.  0, 


1  Bussv.    A.  C.  P.  9.  270. 

SHeintz.    P,  A.  94.273. 

"Wurtz.    1)5.486. 

•Oser.    13.448. 

'Bauer.    13.451. 

0  De  aerraont.    Z.  F.  C.  13. 

411. 
'Bauer.    15.451. 


AUTHOniTIES. 

sschndder.  A.C.P.157.221. 
»Wurtz.    15.423. 
'"Wurtz.    14.656. 
"  Wurtz.      A.  C.  Phys.  (3). 

55.  410. 
"Atkinson.      P.  M.  (4).  16. 

437. 


iMWurtz.    10.464. 
"Iwurtz.    10.4&1. 
iBWnrta.    12.499. 
i«Wtirta.    11.424. 
"Wurtz.    17.616. 
'8  (  DeClprmont.    17 
'*  \  De  Clenaont.    17 
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lOth.  MISCELLANEOUS  COMPOUHDS  OF  THE  ETHYLENE 


Name. 

r„™„,.. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Ethylene  dielhylate. 

Cj  H,.  0,. 

.7993.  o." 

1Z3?5. 

'  Amylene  ethylate. 

C,  II,s  0. 

.759,  21-° 

102^-103.° 

[Compare  the  above  with 

etLyl  amyl  oiide.] 

'Amylene  hydrate. 

C,  U,,  0. 

.829,  0. 

105°-!  08.° 

*  Diamylene     « 

Cio  H„  0. 

.909,  0.° 

163.° 

"Octylene        « 

CsH.,0. 

-793.  23.°) 

1 74°- 1 78.° 

[Compare    amylene   aiid 

octylene  hydrates  with 

amyl   and    octyi   aico- 

hois.] 

'  Diethylcne  alcohol. 

Cj  IIi„  0,. 

1.132,  0.° 

245." 
a.  250," 

"Triethylene      « 

C,  H,4  0.. 

■  .138. 

285°.-290.'' 
a.  290.° 

"  Tetrethylene    « 

C9  His  O5. 

230^  n  m.m. 

"  Pent«thy!ene  « 

C,„  H^  0„. 

281?  =5  m.in. 

"  Hexethylene    « 

C,,  H,,  0, 

325?    15  m,n.. 

^'Ethylene  monacetate. 

C.li,0,. 

"         n        diacetate. 

C,  H,„  0,, 

1,138,  0.° 

1 86"- 187.° 

"  Diethylene       « 

C,H,0,. 

245°-25S-° 

"Triethylene      " 

Ci,H„Oe. 

a.  300.° 

"Tetrethylene    " 

C,,  H,,  0,. 

320'+. 

"  Ethylene  monobutyrate 

C,H„0,. 

"       «      dibutyrate. 

0.0  H„0,. 

1.024,  0.° 

239^-24 1. <■ 

"       «      monovaierate. 

C,  H„  0,. 

a.  240." 

"       "      divalerat«. 

CijH^O^. 

a.  255.° 

"       «      aceto-butyrate. 

Cj  H„  0.. 

2o8''-2:5.= 

"       K      aceto- valerate. 

C.  H„  0,. 

a.  230.° 

''       "      distearate. 

C^H,.0.. 

76.° 

"Propylene  diacetate. 

C,  H„  0.. 

1.109,0.= 

186.= 

AUTHORITIES. 


iWuriz.    11.423. 

"I^iiren^o.    13.443. 

"Wurtz.    16.489. 

'Reboal&Trochot.   20.582. 

1"  Wurtz.    16.489. 

"Lnurengo.    13,438. 

'Wurtz.    A.  C.  P.  125. 114. 

"  Louren^o.    13. 443. 

»Wurtz.    12.486. 

*Wurtz.    16.516. 

"Lourengo.    13.443. 

='Lonren50.    13.438. 

'  (  De  Clermont.     A.  C.  P. 

"  Lourenjo.     13. 443. 

KSS. 

«  Lonrenso.    13. 438. 

\      149. 38.                [149. 38. 

"Atkinson.      P.M. 

4),  1«. 

"Simpson.    12,488. 

»  ( De  Clermont.      A.  C,  P. 

"Wnrtz.    12.485, 

'Louren^o.    13.443. 

'"Wurtz.    16.489. 

aWurta.    12.486. 

'Wurta.    16.489. 

"Wurta.    16.489. 

s«Wuria.    10.464. 
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Kame. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Butyl ene  diacetate. 

C,  H„  0,. 

a.  200.° 

'Hexylene 

Cio  H,s  0.. 

1.014,0.° 

2l5''-220.» 

'  Octylene           « 

C;,  H^  0.. 

245°-250.° 

'  Butylene  acetate. 

C,  H„  0^. 

uiMi3.° 

« Octylene  acetate. 

C,o  Ilsa  0,. 

.822,  O."  \ 
.803,  36.4 

1 63"-)  80.° 

[Compare   the    two   last 

mitli  tlie  acetates  of  bu- 

tyl and  octyl.] 

Uth.  ACIDS.    LACTIC  AJID  OXALIC  SERIES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

«GlycolUcacid. 
'Lactic        n 

C,  H,  0,. 

,.,5,,o.. 

7S''-79-° 

'*  Leucic        « 

Cj  H„  Oj. 

73.° 

"Oxalic  acid.    SubUmed 

C,  H,  0.. 

2.00,  9.° 

'^       «          "     Crystallized 

C^,0^.2H'0 

1.507. 
1.622. 

^'  Succinic  acid. 

C,  lis  0.. 

1629. 

1.63,  9.« 
1-55- 

a.  98.° 

"         n            «     Sublimed 

■ 

1.539,9-° 

"         «            "Crystallized 
"  Pyrotartaric  acid. 

Cs  lis  0.. 

1.552,  9." 

235.'' d. 
190°+. 

.t'+. 

"Adipic               '1 
^=Pimelic 

Cj  IT,„  0.. 

C,  Hi,  0,. 

'45° 
134-'' 

AUTHORITIES. 


iWarta.    12.499. 

'MVaage.    A,  C.  P.  118.295. 

"Husemanii.    2B. 

=  Wnrtz.    17.516. 

»  Watts'  Dictionary. 

'Wnrta.    IB.  509. 

"Riohter,    Seen. 

^  Arppe,    A.  C.  P.  66.  73. 

'DeOermont.    17.517. 

"Playfair  and  Joule. 

11. 

«  KekuM.  A.  C.  P.  1st.  supp. 

sDeLuynea.    17.501. 

"Buignet.    14,15. 

vol.  338. 

=  1  De  Clermont.    21. 449. 

■sHusemann.    26. 

loWislicemis.     Z,  F.  C.  13. 

MDe  Clermont.    21.449. 

"Watts' Dictionary. 

ais. 

SDreehsel.   A.  C.P.127. 150. 

I'Richter. 

«Bromei3.    A.  C.  P.  3.'>,  lOG. 

*  Gay  Lussac  &  Pelouze.    P. 

'^Husemann.    26. 

«Bromeis.    A,  C,  P.  35.  lUl. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

^  Kmelic  acid. 

C,  Hi,  0,. 

114,° 

'Suberic     « 

Cs  H„  0^, 

I40.°rs.  I38?S. 

'  Anchoic,  Azelaic,  or 

0,  His  0.- 

Ii4''~n6.=' 

'      Lepai^ylic  acid. 

" 

II5=-I24-'' 
106.°  rs.  104.° 

'Sebacic               « 

Ci.  H,,  0,. 

1.1317,  melted. 

127.° 

'  Eoccellie            h 

C„H,,0,. 

132.°  s.  108.= 

12th.  CARBONATES,  LACTATES,  AND  LEUCATES,  OF  THE 
ETHYL   SESRIES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 

Melting 
Point. 

'  Etli yl  carbonate. 

c,  n„.  c  0,. 

■975.  19° 
.9998.  0-°  I 
.9780,  30.°; 

126,'' 
i2;"-,25,° 

12^"^   to 

.25-8. 

"  Butyl 

C,  H„.  C  0,. 

"  Amyl          <i 

Ci„H^.  CDs, 

.9144. 
.9065,  IS";. 

224.° 
226.° 

"  Ethyl  ortho  carbonate. 

C9  H,^  O^. 

.925. 

158"-!  59.= 

"     CI     lactate. 

C,H„0,. 

1,0542,  o."") 

156," 

1  1-042.  13.°] 

"Diethyl     « 

C,H„0^       i. 9203.0.' 

156-5 

[For  Oilactates  and  trilac-                            | 

tateg,  see  "  miscoUaiie- 

oiia  ethers."] 

■ 

"  Methyl  leucate. 

C;  H,.  O3.       ■'  .9896,  t6'5. 

165.' 

"Ethyl 

0„H„03.       j  .9613,  18^7. 

175." 

''Amyl          ic 

C„H„0,.      1  .93227.13-° 

225." 

ArTHORTTIEg. 

1  Lauront.     A.  0.  Phys.  (2) 

"  Cahoura. 

1=  iWurtzd-Friedel.  U.  37.% 

60. 1G3. 

">  Clermont.    7. 561. 

"1  WurtaAFriedel,  14,373. 

'Bromeis.    A.  C.  P.  35.97. 

"Ettling.    A.  C,  P.  19. 17. 

s»  Wurtz,    12,294. 

'Dale.    C.  8.  J.  17.258. 

"fKopp.    19. 
"IKopp.    18. 

1  Frankland  &  Duppa.     18. 

'Bucliton.    10,303. 

378. 

"Wiiz.    10.29S. 

"  Wurtz.     7.  574. 

"Fraiikland.    16,376, 

"Dale.    C.  S.  J.  17. 261. 

i=Medlock,    2,430. 

^  Frankland  &  Duppa,     18. 

'Carlct.    6.429. 

■'Bruce.    5,6a'), 

3S0. 

8  Hesse.    A.C.P.  117.33G. 

"Baasett,    17 

477. 
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SPECIFIC  GRAVITY  TABLES. 


13th.  OXAIiATES,  SUCCINATES,  &o.,  OP  THE  ETHYL  SERIES. 


Specific  Gravity.  I 


'  Methyl-ethyl  oxalate. 
^  Ethyl  " 


"Cetyl 

*'  Ethyl  pyrotiwtrftte. 
"     cc      adipate. 
**     «      pimeiate. 
"diethyl  suberate. 
"Ethyl  " 

'^  a  anchoate. 
^'Methyl  sebat«. 
''Ethyl         « 


0,  IT,  0,, 


"  Methyl  succinate.  C„  Hi„  O,. 

"Ethyl  ■-  C,  Hi,0.. 


'"  Isopropyl     " 


C„  II„  O,. 

C,D  H,„  0,. 
C„  H„  0,. 
Cu  H.J,  0.. 
C„  H,,  O,. 
C,.  H^  0.. 


.1566,  50.° 
.27,  12." 
.0929.  7^5- 


[.0718,  ( 
r,o475,  : 


163^5- 


AUTHORITIES. 


A.  C. 

1"  Balard. 

A,  0.  Phya.  (3). 

iOTiittscheff.    13.400. 

Pliys,  (21.58.44. 

12. 311. 

"  CahouR 

JiMalaeuti.    A.  C.  P.  50. 30S. 

'  Kopp.    18. 

1"  Delffe. 

.2«. 

» Marsh.    10.303. 

"Fehlii^s. 

A.  C.  P.  49. 195. 

"  Laurent.     A.  C.  Pliys.  (21. 

»  Dumas  4  BouUay. 

P.  A. 

"D'Arcet. 
5R.291. 

A.  C.  Phys.  (2). 

=s  Laurent.     A.  C.  PJiya.  (2) 

IS  FehUug 

60.160. 

'  t  Kopp.    18. 
8  1  Kopp.    IS. 
"Meudelejetr.    13.7. 

18. 

MBuckton.    10.304. 

"  i  Kopp. 

18. 

n  Carlet,    C.  R.  37. 128. 

■'jRilva, 

C.  TX.  m.  4ie. 

'nSilva. 
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SPECIFIC  GRAVITY  TABLES. 


14th.  COMPOUNDS  OP  AT.T.VT,  AND  nrAT.T.-vT. 

Name. 

Formula, 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

■Allyl  alcohol. 

C3  H^  0. 

92--94.= 
93°-96-° 

'            " 

.858.,  0.-  1 
.8478,  2;.=; 

9o'>-92.= 

s.— 50.^ 

»     1. 

B 

.8709,  0.= 

) 

'      .. 

" 

.81832,  62.= 

. 

96''-97.= 

»  I     ! 

" 

.7846,  97." 

) 

92°-95,° 

'"Diallyl  monoliyijrate. 

Cj  H,,  0. 

.8367.  0.= 

93°-95-° 

"       "       dihy  (irate. 

C4  H,.  Oj. 

.9638, 0.°  X 

.9202, 65.°) 

"       (1              ^1 

212''-215.° 

'Tseudo  diallyl  alcohol. 

O5  H,j  0. 

.8604,1 
.8625.  r- 

140.° 

"Allyl  oxide. 

C,  II„  0. 

Si^-Sy." 

"  Ethyl  ally!  oxide. 

C,  Hj„  0. 

a.  64.= 
62=5. 

■"Amylailyl     " 

C,  II>,  0. 

"Allyl  formate. 

Cj  ir,  Oj. 

■9322.  i7°5- 

82='-83.''- 

"     "     acetate. 

Cs  H^  Oj. 

97''-'oo.= 

"      «     liutyrate. 

C,  H,,  0,. 

[05.° 
a.  145.° 
a.  140.° 

"^     "     valerate. 

Cb  H„  0,. 

162.= 

''Diailyl  monacetate. 

CbH^O, 

.912. 

i5o°-r5o.° 

"      "       (liacetate.             Ci„  H,g  Oj. 

'"Ethyl  allyl  acetate. 

.9222, 0.° 

133°-!  3  5.° 

=«AJlyl  oxalate.                   C^  H,„  0.. 

1.055.  i5°5- 

206°-207.° 

AUTHORITIES. 

'  HoBnann  &  Cahonra.     9. 

'"Wurtz.    17.515. 

^ToIIens,  T\'ebCT  &,  Kempf. 

5S3. 

"(Wurta     17.513. 
'nWiirti!.    17.513. 

21,450.                             [585. 

"Hofmann  *  Cahours.     9. 

'ToUens,  Weber  &  Kempf. 

"fWurtz.    17,515.      . 
"IWurtz.    17.515. 

"Zitiin.     8.618.                [589. 

A.  C.  P.  156. 132. 

"  Berthelot  &  DeLoea.     9. 

'  fTollens  and  Henninger. 

'SBerthelot&  De  Luca.     e. 

"  Hofmann  &  Cahonrs.     9. 

A.  C.  P.  156. 134. 

590.                              [583. 

686. 

"  Hofmann  &  CahouTS.     9. 

^  Hoftiiaun  it  Cahours.     9. 

I     A.  C.  P.  156. 134. 

"  Hofmann  &  Cahours.     9. 

5se. 

•  (ToUens.  A.  C.  P.  158. 104. 

583. 

^Wurta.     17.514. 

'  I      Other  Epecific  Gravities 

"Berthelot  £  De  T.aca.     9, 

"Wurtz,     17.513. 

8  (nra  also  given. 

590. 

'SWurlz,     21.446. 

« Hiibner  &  Miiller.     A.  C. 

"  Berthelot  & 

De  Luca,     9. 

i»H 

fmaiiii  &  Cab 

ours.     9. 

=iGoogle 


SPECIFIC  GIUVITY  TABLES. 


Formula.       Specific  Gravity. 


15th.  GLYCfBRINB,  GLTCBEIDBS,  AND  ALLIED  COMPOUNDS. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

*  Glycerine. 

Cj  H,  0,. 

1.28!  15-° 
1.260,  15=5. 
1,115,  I2'5- 

1.2636, 15,= 

1.26949,  G"?.  1 
1.26244,  i6?6.J 

290.= 

^'Triethyl  pyroglycerine 

C„H»0,. 

1.00,  14.° 

288°-290.'' 

"  Tetrethyl  triglyceriiie. 

C„H,,0,. 

1.022.  14.° 

"  Ethyl  glycide. 

C,  H^  0,. 

a,  1.00. 

1 28°-!  29.° 

"  Arayl        " 

Ce  H„  0,. 

.90,  20.= 

■^Aceto-glyceral. 

CsH.,0,. 

1,081,0.° 

■»Valero^lyceral. 

C,H.,Os. 

1.027,  o-" 

"  Trimethyline. 

Cfi  H„  0,. 

.9483.  0.° 

'"Monethyline. 

C,  H,,  0,. 

225''-230.» 

"Diethyline. 

C,H.,0,. 

.92. 

a.  191.= 

"Triethyline. 

C,II^O, 

■895s.  1 5-° 

■"  Ethyl  amyline. 

C,„  H^  0,. 

.92. 

''  Monaniyline. 

C,H,,0,. 

.98.  20." 

26o''-262.» 

^Diamyline. 

C„  H^  Oj. 

.90;,  9.= 

272°-274.° 

"  Mono  allyline. 

C,  H.,  O3. 

1.1160,0.°  1 
1.1013,25.''/ 

a.  240.° 

"  Monacetin. 

C5  H,„  0^. 

"Diaoetiii.     Acetidin. 

0,  H,j  O5, 

..184. 

""" 

ATiTlIORlTIES. 


'Hofmann  &  Caliours.     9. 


■  Watts'  Wctionary. 
leocdoff.     A.  C,  P.  106. 9; 
« Mendelejcff.    18.7. 


8  f  Metidelejeff.      A.  C.   P. 

I      114. 165.  [114. 

'"  I  Mendelejeff.      A.  C, 
"  Heboul  &  Lourento. 

675.  [675. 

I'Eeboiil  &  Lourengo. 
i»Reboul.  13.  *65. 
"Iteboul.  13.463. 
'^  ( Harnitaty  &  Mensohnt- 

I     Itine.    18. 506. 
16    Hamitsky  &  Menschut- 
l    kine.    18.506. 


"ALsberc     17  4'Id 

"  Eeboul     13  4(]i 

"  Beitlielot     7  450 

»  Alsberg     17  4'i5 

SI  Reboul     13  Ift-) 

''Eeboul     U  464 

'SReboul     13  4b5 

"  I  ToUens   A  <"  P  IV  i40 

^  I  ToUen's   A  C  P  156  149 

"SBertheltt     6  455 

^  Berthelot     6  4oo 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling;        Melting 
Point.  ■         Point. 

'Triacetin. 

0,  II„  Og. 

1. 174. 

'Jlonobutyrin. 

0,  H„  0,. 

1.088 

'Bibutyrin.    Butyridiii 

C„  il,„  0,. 

i.oSi 

} 

'         ., 

« 

1.084 

'^Tributyrin. 

Cis  H^  Oe. 

1.056 

*  Monovaleriii. 

Cfi  Hj,  0,. 

l.IOO 

'  Divftleriu. 

C,3  H„  0,. 

1.059 

*Laurostearin, 

C«  H,3  Oj. 

44°-45° 

°  Oocinin. 

C„  I-I™  0,. 

.92.  8.°  s. 

"Myristin. 

C«  H^  0,. 

3'-" 

"  Moil  opal  mitin, 

C„  H,,  0,. 

58."  s.  45.° 

"  Dipalmitin. 

C,.H^O,. 

59.°  S,  5!.° 

"Tripalmitin. 

Cs,  H^  0,. 

60.=  s.  46." 

"          «     lat.  modinratioii 

Us."  1 

"■           "     20- 

61=7.  Is.45r5 

"            "     3d. 

62-8, J 

'  MonoBtearin. 

C„  H^,  0,. 

ei.^s.  60."' 

"DisWiarin.                [tion. 

C™  H,s  Oj. 

58.°  s.  55.= 

"Tristearin.  1st.  modilica- 

C„H,„0,. 

.987,  10.= 
.9872,  .5.° 
.9877,  [5-° 
.9S67,  1 5-°  1 
.9(100,  5(^5, J 

60.° 
65.° 

65TS. 

'          "          2a. 

.< 

l.olol,  15." 

69^7. 

3.i.       « 

[,0178, 15.=! 

1.0:79,  IS."! 
1.009,  5'-5-  \ 

f 

i  69^7- 

■js.  50. 5-51=7- 

"                 .1                    cc               (i 

.9931,65:5. 

"            -              «           a 

.9746,  68^2.  J 

[ 

"         »         Liquid. 

.9245,  65^5. 

'  Diarachin. 

C«  Hs,  O5. 

75-'' 

^Monolein. 

C„H.„0,. 

.947- 

=Dioiein. 

Q«  H72  O5. 

.931, 

s.  15.° 

AUTHORITIES. 


■Bertlielot.    7.449. 

"Bectheiot.    6,453. 

"^  Duffy.    5.510. 

'Bertlielot.    6.455. 

"Berthelot.    6.453. 

^*  Duffy.    5.610. 

SfBerthelot.    6.455. 
MBerthelot.    6.455. 

"  (Duffy.    5.511. 

==f  Duffy.    5.  510  and  5.  .511. 

is-^Dufiy.    5.511. 

'6    Duffy.    6.  510  and  5.  511. 

'Berthelot.    7,449. 

"  1  Duffy.    5.511. 

'"  i  Duffy.    5. 510  and  5. 511. 

*Berthelot,    6.454. 

"Bertlielot.    6.4S2. 

'8    Duffy.    5.  510  and  5.  511. 

'Berthelot.    6.4M. 

"Berthelot.    6.453. 

^iDufiy.    5.  510  and  5.  511. 

"Mareson.    A.  C.  P.  41. 329. 

"Kopp.    A.  C.  P.  93. 194. 

™  Duffy.     5,510. 

'Brandea.    Watfa' Diet. 

« Duffy.    S.5I0. 

>■  Berthelot.    9,494, 

"Plavfiiir.  P.M.  (2).  18. 102. 

''Duffy.    5,510. 

^Berthelot,    6,454. 

"Berthelot.    6.453. 

'MKuiry.    6.510. 

=>  Berthelot.    6.454. 
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SPECIFIC  OBAVITY  TABLES. 


16th.  SACCHARINE,  STARCHT.  AND  G-ITMMY  BODIES. 


'Milk      « 

*  MelezitiOse. 
'  My  cose. 

'"Glucose.    Aiihydrc 
"        II  Cryst. 


"  Sorbite. 

"      <i        Crystals. 
"  Finite. 
"  Quern  te. 
'"  Mannite. 
'"Diikite. 


'=  Ery  thro  mannite. 
"  Starch. 


Ci,ir,,0ii-2aq. 
C^Hi.Oe.H.O. 


C6H„08.2aq. 


Cj    Hi3   0;. 

Co  Hi,  Og. 


C,  H,„  0,. 
Ce  Hi„  Oj. 


1.596. 
1.5578. 


Soiling      Melting 


1  Sohiibler  &  Renz.     See  11. 

'  lirisson. 

>Filhol.    See  26. 

*  Playfair  and  Joule.    11. 

SBrJx.    7.618. 

«Filhol.    See  26. 

'  Playf^r  and  Joule.    14. 

sBerthelot.    A.C.Phya.(S). 

»  Miiscberlich.    A.  C.  P.  IDG. 


AUTHOniTIES. 

"  (  Payeu  &  Persoz. 
1'  t  Payeii  &  Peraoz. 
isBodeker.    26. 
"Peloiue.     5.  G55. 

"'Jacquelain.    3.536. 

=  Gilmer.    A.  C.  P.  123. 372. 

"Eichler.    9.665. 

"  Bouchardat.      Z.  F.  C.  U. 

"Scherer.    3.533. 
i«VoM.    11.4m. 
"  Berth  elot.    S.675. 
I'Dess^gnes.     A.  C.  P.  81. 
103. 

.349. 
K>Lainy.    5.676. 
M  Hesse.    A.  C.  P.  117.  328. 
"  Payen.  Watts'  Dictionary. 
**  Dietrich.    Zeit.  An.  Cheni. 

15  Watts' Dictionary. 
» Laurent.     3.535. 

5.51. 
"Kopp.    A.  C.  P.  35.38. 
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SPECIFIC  GRAVITY  TABLES. 


Name, 

Formula. 

Specific  Gravity.         ^^^^^^ 

Melting 
Point. 

'  Starch.    Arrowroot. 

Cb  Hi„  0,. 

1.5045,  air  dried.       ]  ,' 

"      B          Potaco. 

1.5029,  >,.  ..  \ 
1.^330.  dried  at  ioo.''J 

'Cellulose. 

r, 

1.525. 

'Gum. 

Ci,  H,,  0„. 

1.487,  air  dried.  \ 
1.525,  dried  at  loo."] 

'    -    Gumarabic. 

•■35S- 

*     "          "      tragacanth. 

1.184. 

■'     "         "      Senegal. 

fl 

..4^6. 

'"     H     Bassoi-a  guui. 

'■359. 

17th.  MISCELLANEOUS  ACIDS. 


Name. 

Formula.        Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Crotonic  acid. 

"Angelic       " 

"  Pyroterebic  acid. 

'^Moringic          u 
"Hvpogieic        « 
"Oleic 

"  Brassic             « 

»      "                   uErucic. 

Oi  IFj  0,. 
C5  H,  0,,. 
C,  H,„  0,. 

Cis  H,,  0,. 
Cis  II»  0,. 
Cis  Hj,  0,. 

On  II«  0,. 

.908,  I2°5. 

.808,  19." 

190,° 

200°+. 
210." 

72-°s.70°S. 

45- ■ 

34''-35.° 

14.'  s,  4.° 
32''-33.° 
34.°s.  33.' 

''  Isopropacetie  acid. 
=^  Methyl  diacetic  - 
=»  Ethyl 

"  Methyl  glyeollic" 
*'Amyl          «        « 

Cs  H,,  0,. 

C,H,0, 
Cb  H,„  O3. 
C,H.O,. 
C,H„0,. 

■95357,  0." 
r.037.  9° 
1-03,  5° 
1.180. 
1,003. 

175.° 

i8a?8. 
igS," 

'  |-  Fluckiger.  Z.  F.C.10.445. 
'J  Fliiekiger.  Z.F.C.10.445, 
»  tPluckiger.  Z. P. 0. 10. *45. 

*  Weltden'a  "  Zusammen- 
stelltuig." 

s  t  Fluckiger.  Z.  P.  C.  10.445. 
«  I  Plfickiger.  Z.F.C.  10.44i 
'  fGiierin-Varry.  P.  A.  21 
J     60. 

*  1  Guerin-Vany.     P.  A.  20.    1 

[   ao. 


AUTHORITIES. 

fGiierin-Varry.    P.  A.29. 

J     50. 

'  i  Giierin-Vany.     P.  A.  29. 

Kekuy's  "  Lehrbach." 
Meyer  &  Zenner.    A.  C.  P. 
55. 321. 
Rabourdiii.     A.  C.  P.  52. 


'*  Gossmann  &  Sclieren.     8. 

521. 
"  Chevreul. 

■«Oottlieb.    A.C.  P.  57.43. 
'nVebsky.    J.  F.  P.  58.453. 
"Darby.    2.347. 
"  Prankland  &  Duppa.     20. 

.S96. 
^Brandes.    19.306. 
'■i  Geuther.    18.  303. 
"Heintz.    12.359. 
^Siemena.    14.451. 
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SPECIFTG  GRAVITY  TABLES. 


Name. 

Formula, 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

■Quartenyiicacid. 

C,  H„  0,. 

1.018,25.° 

i7i?9- 

'  Homolactic     « 

C,  H,  O3. 

1-197.  IS-" 

'Linoleic 

C,s  H^  0,. 

.9206,  14." 

•Eicinoleic        " 

Oia  H^  0,. 

.940,  15." 

s.-6°to-io.'* 

'Sorbie              « 

Cb  H,  0,. 

!3+"5- 

•ParaaorLic       « 

" 

1.068,  IS." 

221." 

'  Hydrosorbic    " 

C„  H.„  0,. 

.969,  19.= 

204^5. 

'Pyroracemic   .. 

C,  H,  0>. 

1.288,  18.°  1. 

ifiS-" 

°  Citric               » 

0,H,0,. 

1.617. 
1.542. 

"Tartaric           <.> 

C4  He  Oe- 

1.75. 
1.764. 
i.;39- 

'°  Riicemic  acid.  Dcxtro 

C,H,Oc.H,0 

1.75. 

'*        «           i(      Lacvo. 

„ 

1.7496. 
,.69. 

•*  Methyl  salicylic  acid. 

Cj  IT,  0,. 

1.18, 10.° 

222.° 

"Ethyl 

C,  H„  0,. 

225.= 

1.097. 

229=5. 

«      «             «            ., 

1.1843,  'o-" 

'"  Amyl          11            it 

C„  H,„  0,. 

270.° 

'^  Cinnaniic               " 

(\  H„  0,. 

1.245- 

300^-304.° 

129.° 

1.195. 

"  Benzoic                  " 

C,  He  Oj. 

1,29.  Cryst. 

M       „                        „ 

1.201,  21.°  Solid. 

^       ., 

1.227,27-°  i 

^            i,                                           u 

1.0838,  121=4. 

249=2. 

[21°4. 

•"Alpli.a  tnluic          « 

C9  H,  0„ 

1.3.  Solid. 

::  :    :     : 

1.0778,83.°  "1 

1-033';,  135.°) 

265-5. 

76°  5- 

AUTHOEITIES. 


'  Geuther.     J.  F.  P.  (2).  3. 

■'Kicliter. 

"Delirs.     7,26. 

I'Schitf.    12.41. 

s^Drion.    A.  C.  P.  92, 314. 

'aoez.    5.497. 

"Buigna.    14.15. 

iSE.  Kopp.    J.  F.  P.  37.  2S0- 

'SchOler.    10.359. 

15  Pasteur.    2.309. 

wSchabua.    3,392. 

1=  Pasteur.     A.  C.  Pliys.  (3). 

»Kopp. 

SHoftnann.     C.S.J.  12.43. 

28.72. 

«Mendelgeff,    11,274, 

SHofinann.    C.  S.  J.  12. 323. 

I'Buignet.    14.15, 

■"  I  Mendelejeff.    11.  274, 

'Barringer&Fittig.  Z.F.C. 

"Cahonra.    A  C.  Phys.  (3). 

10.  327. 

"Kopp.    8,35. 

mCahoura.    A.  C.  Phys.  (3). 

3«  CMoner&Strecker.  12.299, 

10,  360. 

SM  Moller&Straoker.  12,209. 

'"Schiff.    12,41. 

"•Baly.    C.  9.  J.  2. 28. 

"  (  MoUer&Strecker.  12.209. 

"BuiRnet.    14.15. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Pimaric  acid. 

Ca,  H^  0,. 

1.047,  l8.- 

'Sylvic 

I.iou.  i8.° 

'Eugenic     •( 

C,„  H,,  0,. 

1 ,076. 
1.0684,  14-° 

'Quiiiic       « 

C,  11,,  0,. 

1.637,  8^5- 

i6i?6. 
161  "-162? 

*  Ethyl  camphoric  acid. 

C„  H,„  0.. 

1.09;,  ^o-'s. 

196.= 

•Diethyl  camphvesic acid 

C,  H,,  0,. 

1. 128,  13.= 

"Phycic  acid. 

,896.          Solid. 

150.°        d. 

136.° 

For    salicyloua    add,     see 

"Salicylol." 

For  carbolic  acid,  see  "  Phe- 

nol." 

18th.  MISOBLLANEOUS  ETHERS  OF  THE  ETHYL  SERIES. 


Name. 

Formnla. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"Ethacetio  ether. 

Cs  H,j  0,. 

.8942.  0." 

"Diethacetic  « 

Cj  H,s  0,. 

.8822,  o." 

151." 

"Ethyl  isopropacetate. 

C,  H„  Oj. 

.8882.0."    1 
.87166,  i8.°| 

1 34°- 135.° 

"     »                (1 

738.4  ra,  0,, 

"Methyl  methyldiacetat* 

C,H„0,. 

1.020,9.° 

177-4. 

"Ethyl 

G,  il„  Oj. 

.995,  14.° 

i89°7. 

"Methyl  ethyldiacetate. 

1 .009,  6.° 

i86'8. 

"Ethy] 

Cs  H„  0,. 

.998.  i2-° 

198.° 

"     «    ethylglycollate. 

Ce  H,5  0,. 

.978. 

™     «    dimethoxalate. 

■9931,  13.° 

"     "    ethomethoxalate. 

C,  H„  O3. 

.9768,  13.° 

i6s"5. 

"Methyl  diethoxalate. 

,9896.  16-5. 

165.' 

"Ethyl 

C,  H,„  0,. 

.9613.  '8'7. 

"     11    amylhydroialate. 

C,  H,„  0,, 

■9449.  'S." 

203." 

"     «    ethyl  amy]  hydrox- 

alate. 

Cu  H„  0,. 

.9399.  '3.° 

224'-225.'' 

ADTHORITIES. 


Siewert.    12.510. 

"Lamv.    5.675. 

>»Scl,mI>^r.     Z.F.C.13.168. 

Siewert.    12, 310. 

"  Frankland  &  Duppa,     18. 

■"  Frankland  &  Duppa,  P.  T. 

Stoihonse.    8. 665. 

306.                               [308. 

1866.  .109.                      [3S1. 

Williams.    11.273. 

"  Frankland  &  Dnpjia.     18. 

"Frankland*  Duppa.      18. 

Watls'  Dictionary. 

"1- Frankland*  Duppa.  20. 

==  Frankland* Duppa,  P. T. 

Hesse.     A.  C.  P.  114. 292. 

\     396.                        [396. 

1866.309.             [1866.309. 

Zwenger  &  Siebert.     A.  C. 

"1  Frankland* Duppa.  20. 

''Frankland A  Duppa.  P.T. 

P.  1st.  supp.  79. 

"Brandes.    19.306. 

"  Frankland  &Dnppa.      18. 

Mal^uti.    A.  C.  Phys.  (2). 

"Brandea.    19.  a06. 

382.                      [1866. 309. 

64. 16*. 

I'Oenther.    18.303. 

a  Frankland  ADiippa,  P.T. 

Schwanert.    16.397. 

WQeather.    18.303. 
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SPECIFIC  GRAVTTY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Amyl  diethoxalate. 

Cn  H^,  0,. 

.93227,  13.° 

225.= 

'  Etliyl  diamyloxalate. 

Oi.  H„  0,. 

-9137,  13-° 

262.° 

'     "     ethylcrotonat*. 

Ob  H„  0,. 

.9203,  13." 

165." 

'     ..     tiglate. 

C,H„0, 

.926,   21," 

156." 

'     «     quartenylate. 

C.H,,0,. 

,927,    19." 

136.° 

"AcetoglycoUic  ether. 

0,  H„  0.. 

1.0093,    17.° 

179." 

'Acetyl  lactic          " 

C,  H„  0,. 

1.0458,    17.° 

177.° 

''Lactobutyric         « 

C,  H„  0^. 

1.024,0." 
1.028,  0." 

200'>-2I0.° 
20S." 

'"  Lactoauccinic  ether. 

C„  H„  0,. 

i.ng,  o." 

280." 

"  Etliyl  dilactate. 

CaH„0,. 

1.134.0-° 

235° 

"Diethyl  trilactate. 

C„  H„  0,. 

a.  270.° 

>>  Diethyl  glycoliic  ether. 

C^  H„  0... 

i.ol,  19.° 

25i"-25s." 

"  Diethyl  glyoxylic    « 

C,H„0.. 

.994,  IS." 

199-2. 

"Benzoyl  glycoliic      « 

0,1  H,,  0^. 

1.1509,  20?4. 

236^4-288?4 

"  Methyl  oleate. 

Ci,H„0, 

.879.  18." 

"Ethyl 

C„  H3,  0,. 

.871.  18.= 

''Methyl  elaidate. 

C„  Hj,  0,. 

.S72,  18." 

"Ethyl 

C^  R^  0,. 

.S69,  18." 

370.° 

"     "    citrate. 

C„  H„  0,. 

1.142,21.' 

283.° 

"     B    citraconate. 

0,  H„  0.. 

1.040,  18^5. 

225." 

"     «    meaaconate. 

1.043.  20° 

220." 

"     "    aconitate. 

C„  H,j  0,. 

i.074,  14.° 

236." 

=*     «    fumarate. 

C,  H„  0,. 

1.106.11." 

225," 

=*     «    veratrate. 

C„  H„  0.. 

1. 141,  18.°       s. 

42." 

^     "    pyromucate. 

C,  H,  0,. 

1.297, 20." 

208"-210.° 

34-° 

"  Methyl  mucate. 

('aH^Os. 

1.48-1.50,20." 

=«  Ethyl 

U,„  His  % 

1.17,-1.32. 20° 

i5o-s'35- 

»     «    camphorate. 

Ci.H^O,. 

1.029. 16." 

285"-287.° 

'^     "    parac-amphorate. 

1.03,  1 5-' 

27o°-275." 

"     1    camphreaate. 

C„  H^  0,. 

1.0775,  13.° 

"Methyl  cinnamate. 

C,„  Hio  0,. 

1.106. 

241.° 

=«  Ethyl 

C„H„0,. 

t.126,  o.° 

262.° 

=._ .. 

1  Prankland  &  Duppa,.  P.  T.  ' 


18. 

384. 
'  Geuther  &  FrohUch.    Z.  F. 

C.  13. 540. 
^Geuther.  J.F.F.  (2).3.444. 
«  Heintz.    15.  292. 
'Wislicenus.    15.300. 
sWurtz.    12.295. 
•Wurtz.    13.273. 
"WartB&Fiiedel.    1*.  378. 


ADTHORITIES. 

■  Wurtz  &  Friedel.    U.  377. 
I  Wurta  &  Friedel.    14.377. 
I  Geuther.    20. 455. 
iSchreiber.    Z.  F.  C.  13. 168, 
1  Andrieff.    18.  344. 
'Laurent.     A.  C.  Phys.  (2). 


5.294. 


[65,2 


'  teurent.  A.  C.  Phys.  (2). 
BLaurent.  A.C.Phya.  (2). 
65.  294.  [65.  294, 

« Laurent.  A.  C,  Pliys.  (2). 
"Malagiiti.  A.  C.  P.  21.  267. 
1  Watts'  Dictionary. 


sPebal.    4.404. 

3  Watts'  Dictionary, 
w  L.  Henry.  A.  C.  P.  156. 178. 

6  Will.    A.  C- P.  37. 198. 

SMalaguti.  J.  F.  P.  41.  224. 
"Malagali.  A,C.Phr5.(2j. 
"3.86. 
A.C.Phyii 
"  Mai^uti. 
»0Chau(ard.  16.395. 
"  Schwaiiert.  10.  397. 
»2E.  Kopp.  C.R.  21.1376. 
"  E.  Kopp.    0.  E.  21. 1376. 
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SPECIFIC  GRAYITT  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point- 

'  Ethyl  cinnamate. 

Cu  i-i„  0,. 

1-13- 

1.0656,0.°     -1 
1.0498.  ao-'a.j 

205.= 
260." 
262." 
266.° 

jfc  m.  m. 

"Methyl  benzoate. 

C,H,0,. 

1. 10,  17.° 
1.1026,0.-    ) 
1.0876,  i6?3.j' 

1.0921,    12^3. 

198-5. 
199:2. 

"Ethyl 

C»  H,„  0.,. 

1.0539,  >o°5- 
1.06,  18.° 
1.049,  '4-° 
1.0657,0.=     \ 
1.0556,  io?s.i 
[,0517,  i4°i. 

209.= 
20^^-209,° 

2I2?9. 

'"Amyl           B 

C„  H,,  0,. 

T-0039,  0."  I 
.9925,  i4"4-) 

260^7. 

"     "               " 

'5       n                      n 

252°-254.' 

"  Isopropyl    n 

Cio  H,,  0,, 

1.054,0." '■) 
1-013.  25.") 

21 8.° 

76;  tn.  m. 

='  Ethyl  toluate. 

228." 

'^     "      xylylate. 

C„  H„  0,. 

233-° 

"     "1      cuminate. 

C„  H,8  0,, 

240.° 

=*  Methyl  homotolhate. 

C,o  Hij  0,. 

1.0455,  o.") 
1. 01 8,  49.=) 

238=-239.° 

»  Ethyl 

C„  H..  0,. 

1.0343,  o.°l 
■9925.  49-°J 

247''-249-'' 

'*  Amyl                 n 

Cu  Ilai  0,. 

9807,  0.-  1 
.9520,  %.") 

291 '-293.-= 

'"Diethyl  oxybcnzoate. 

C„  H,.  O3. 

1.0875,  o.M 
1.0725,20.'') 

263.° 

"  Methyl  phonylacetafe. 

C,H;„0,.(?) 

1.044,  i6-° 

220.° 

»=  Ethyl 

C,„H„0,.(?) 

1.031. 

226.° 

AUTH0RITIE3. 


1  PlQiitamour.     A.  C.  P.  30. 

"Deville.     A.  C.  Phys.  (3). 

™  Gcrhardt  &.  Calioiirs. 

344. 

3. 188. 

"    Erlenmeyer.    19.360and 

•Marchand.  A.  C.  P.  32. 269. 

"Delffis.    7.26. 

<     367.                        [367. 

'Herzog.  Watta' Dictionary. 

"(Kopp.    18. 
■MKopp.    18. 

»     Erlenmeyer.   19. 366  and 

<fKopp.    18. 
si  Kopp.    18. 

™  ( Erlenmeyer.    19. 367. 
='1  Erlenmeyer.    19.367. 

iSMendelsgetr.    13.7. 

»Dumas&  Peligot.     A.  C. 

I'iKopp,    18, 
^UKopp.    18. 

^  j  Erlenmeyer.    19.  367. 
==1  Erlenmeyer.    10.367. 

Phya.  (2),  58. 50. 

'j-Kopp.    18. 
'I  Kopp.     IS. 

"Rieckher.    1.699. 

=»/HeintK.  A.  C.  P.  153. 332. 
"iHeintz.   A. C. P.  153. 332. 

"fSiiva.    Z.F.C.  12.637. 
^ISilva.    Z.  P.O.  12.037. 

»Mendelejeff.    13.7. 

"Radsizewski.     Z.  P.  C.  12. 

w  Dumas  ABoullay.     P.  A. 

"Noad.  1.715.       FC.  7.  345. 

358.                               [35R. 

12. 430. 

"  Hirzel  &  Beilsteiii.      B.  S. 
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SPECIFIC  GRAVITY  TABLES. 


19th.    MISCELLANEOUS. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Bimethylene  carboii- 

ethylene  ether. 

Cfi  Hi.  0,. 

.99S,  1..0 

198." 

'Aldehyde  diacetate. 

1.07,  IO.° 

'Acrolem  acetate. 

C,  H.„  0.. 

..o;6,22.= 

iSo." 

'Methylal. 

C,  Hj  0,. 

-S551- 

42.° 

"  Dimethyl  acetah 

C.  H,„  0,. 

.8555.  0." 
.S674,  i,° 
.8787,  0.° 
.8590.  14.° 
.8503,22." 
.8497,  23-° 

.8476. 35-° 

65.- 

64=4. 

63'-64.° 

"Methyl 

C,  Hi,  0,. 

■8535, 0-" 

85," 

"Acetai, 

Ce  H„  Oj. 

.842,  21. ° 
.823.  20.° 
.821,22=4. 

75-" 

95^3. 

1 04°- 1 06.° 

104,° 

"  Dimethyl  valeral. 

C,  H,s  0,. 

.852.  io.» 

124.° 

^  Diethyl 

CeH^O,. 

.835.  12." 

15892. 

"  Diamyl  acetal. 

C„H„0,. 

■8347.  IS-" 

210?8. 

"       "        vaJeral. 

C,,H,,0, 

.849.  7-° 

24o''-255-'' 

=■  Valeral  diacetaf«. 

Cj  H„  0.. 

.963. 

'95° 

'"  Derivative  of  valeral. 

C„  H,,  0. 

.9027,  17." 

25O'-290.'' 

'^  Ethyl  diacetone  carbo- 

nate 

C,o  H„  0,, 

.9738,  20." 

2l0''-2I2.'' 

"     «    eth  acetone        " 

C«H»0, 

.9834.  16.° 

195.° 

^     «    dimethacetoiie " 

■99' 3.  16,° 

184.° 

"     n    isopropacetone " 

C,H,eO,. 

.98046,  o." 

'  201." 

'"  Acetyl  valeryl. 

C,H,0, 

.8804,  i5"5- 

'^Metacrolein. 

C,  H,  0,. 

1.03,  8." 

!9 

lesityl  oxide. 

Oe  H,„.0. 

■848.  23-° 

131-" 

AUTHORITIES. 

'Geuther.    16.324. 

"Wurtz.    9.597. 

^Franklaiid  &  E 

uppa.    IS. 

'Geuther.    17.329. 

"  Dobereiner. 

306. 

»Hfibner&Geuther.  13.307. 

"Lie%.    A.  C.  P.  5.25. 

^Trankland  &  D 

ppa.      18. 

'MalsKuti.    A.  C.  Phys.  (2). 

i^Stas.    1.697. 

307. 

70.394. 

'sWurtz&FrapoIli.   A.C.P. 

=SFrankIand&D 

ppa,      IS. 

sWurte.    9.597. 

108.  223. 

309. 

"Alsbei^.    17.4S5. 

"Alsbei^.    17.486. 

=»  Frankland  &  D 

p|ia.      -ID. 

Dancer.    17.484. 

I'Alsbei?.    17.486. 

395. 

e 

Dancer.    17.484. 

"Alsberg.    17.485. 

«01ewinsky.    14. 

463. 

Dancer.    17.484. 

""Alsbei?.    17.486. 

»Geather.    17.33. 

i. 

10 

Dancer.    17. 4R4. 

=•  Gutbrie  &  Kolbe.    12.365. 

""Fittig.    12.344. 

" 

Dancer.    17.484. 

!=Boro<Jiii.    1 

339, 
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SPECIFJO  GRAVITY  TABLES. 


Name. 

Formula.      Specific  Gravity.  |      ^°'|j,"^ 

Melting 
Point. 

'  Acrolein. 

C,  H,  0.       1                                 1  53^4. 

'Phiacone.                      1- 

C,HhO„     1-96,  15,° 

1 76°- 177." 

■leobenzpinacone.          1. 

C^HjitV   1  i.io,  19.° 

297 ?5  ■ 

'Acropinacone. 

C,H.„0.,.       .99. '7-° 

160"-!  80.° 

'Pinacolin. 

CeH.,0,(?;i.7999. '6-° 

105.° 

*  Phoroiie. 

C,II„0.  (?) 

■939.  '2-°  I 
.932,  12.°/ 

'        1         Cam  pho  roue. 

" 

.9614,  20.= 

196." 

20° 

'"Diacetylconylene. 

C,j  H„  0,. 

.988,  18.2. 

225." 

"  Derivative  of  chloroform 

C,  H,j  O3. 

.8964, 

145^-146.'' 

"Triethyl  propylphycite. 

Ca  H™  0.. 

-976,0.=         I 

.96051,  le'js.; 

13              II                       U                    II 

"Diethoxyl  ether. 

0,H„03. 

.8924, 21.= 

i6S.= 

"Citraconie  anhydride. 

C5  H.  Oj. 

1.247. 

"Camphoric        «          s. 

C,„  H„  O3. 

1.194, 20=5. 

270.° 

217.= 

"Camphor. 

Cio  H,e  0. 

.986,-.996. 

"  Patchouli  camphor. 

c^n^o.,. 

1.051,  4^5. 

295." 

54''-5S-'* 

''EUiylated  camphor. 
"•  Amylated         " 

C,2  Ha,  0. 

.946,  22° 

226''-23I.° 

C,s  H.^  0. 

.919,  '5-° 

272°-27s.° 

"  Acetyl 

C,j  H,.  Oj. 

.986.  20.= 

227''-230.° 

"Ethylated  borneol. 

Ci.iH,iO.    !  .916,23.° 

zo2'?5. 

"Methylated     - 

C„H.^O,    1.933,15-° 

194=5- 

"Camphrene. 

Os  H„  0.     1  .974.  6-" 

a.  240," 

«>  Acetyl  camphrene. 

C^H^O,.    ,.954,  18.' 

23O'-240.° 

"Styryl  alcohol. 

C,  H,„  0.     1 

254-° 

8," 

"Anisaldehyde. 

Cs  Hj  0,. 

1.09,  20.° 

253'-2S5-'' 

SB                  „ 

1. 1228,  18.° 

247°-248-° 

"  Salicylol,  aalicyloua  acid 

|C,H,0,. 

1-173'.  13^3- 

I96''5- 

™     or  salicyl  hydride. 

i82'-i8s.'' 

"Saliciii.    Natural. 

C,,  H,j  0,. 

1.433S,  26.°1 

' 

"       «          Artificial. 

■  1,4^5;-        1 

AUTHORITIES. 

iHubner&Geuther.  13.305. 

"  {  Wolff.     A.  C.  P.  150.  56. 

"Chaatard.    10,483. 

"Lieben.    20.546, 

'sSchwanert.    15.466. 

'Linnemann.    18.556. 

'5  Watts'  Dictionary. 

«E.  Kopp.    2.451. 

'LiuDemann.    18.317. 

"Malaguti.    A.C.  Phya.  (2). 

"Cahonrs.    A.  C,  Pbys.  (3). 

■■spitt%.    12.347. 

64.160. 

14.484. 

■«fFittig.    12.344. 
'(Fittig.    12.344. 

"Watts' Dictionary. 

sBRoEsel.    Z.  F.  C.  12.  561. 

IS  Gal.    Z.  P.  C.  12.  220. 

ispiria.    A.  C.  P.  29.  300. 

■"Seliwaiiert.    15.484. 

"Baubigny.    19.624. 

"Ettling.    A- C.  P.  29.  310. 

»Baeyer,  '18.317. 

M  Baubigny. 

"Mendelejeff.    13.20. 

"Wertlieim.    16.438. 

"Baubigny.    19.624. 

K  (  Piria.     A.  C.  Phys.  (3). 

11  Williamson.    7.551. 

«  Baubigny. 

]      44.368.                [44.308. 

-"f Wolff.    ,A.C..P.,1&0.56. 

KiBauWgny. 

" 

Piria.     A.  C 

Pliya.  (3). 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Saliretin. 

C,H«0. 

I.1161,  25.° 

'Saligenin. 

C,  lis  Or 

1. 1613,  25.° 

'Benzoj'l  hydride. 

C,  Hj  0. 

1.075. 
1.038,  15." 
1.043. 

..0636,0.=     1 
1.0499,  H"''.) 
1,0504. 

iSo'-iSs." 
179." 

'Methyl  benzoyl. 

C,  H,  0. 

1.032,  15." 

198.- 

■"Benzoycin. 

C,„H,,0, 

1.228. 

"  Isomer  of  benzil. 

C,.  H,„  0,. 

1.104,  '0.° 

3 '4.° 

"  Ethyl  benzhydrol  ether. 

C,i  H,s  0. 

1.029,  20-° 

1S3." 

"  Acetic          n             n 

Cis  H,.  0,. 

1.49,  22.° 

301  "-302.° 

"Benzyl  benzoate. 

C,.  H„  0,. 
C,sH„0, 

I.I  14.  i8°5. 

345.'' 

303^-304.° 

305-° 

"      "                «       [dride. 

1.098,  14.° 

"  Benzo  <Bnanthylic  anhy- 

C,,  H„  0,. 

1.043- 

'"Benzocinnamic        « 

Cie  H„  0,. 

1.184.23-" 

^  Benzo  cummic          .1 

C.,  H.,  0,. 

1.115,23.= 

"Cuminol. 

C„  H,,  0. 

220.° 

I        I 

.9S33.0."    \ 
.9727.  1 3  ■4-) 

236." 

"        i< 

cc 

■975'.  15.° 

""VemtTol,                       1.  .  CsH.oOi, 

1.086,  15." 

2O2°-205.'' 

15.° 

"Phenyl  acetat«. 

C,  H„  0,. 

1.074. 

188.° 

'"Benzyl       n 

C,  H,„  0,. 

210.° 

"Ethyl  phenyl  carbonate. 

C,  II,„  0,. 

1.117,0." 

234.° 

'"  Phenol. 

Os  He  0. 

1,062,  20." 

197°;. 

ai       „ 

1.065,  is." 

i87''-i88.'' 

34°-35-° 

"      « 

1.0627. 

.84.° 

ss       „ 

1.0808,0.=    \ 
1.0597,  32V  i 

i87=6-i8S'?i. 

AUTIIOIUTIES. 


'  Beilstein  &  Seelheim. 

14. 

"AlexeyefF.    17.335. 

"iKopp.    IR. 

765. 

705. 

"Mendelqeir.    13.7. 

>EeiIstein  A  Seelheim. 

14 

a  Merck:.    11.25G. 

'  Chanlin-Hanlancoart. 

fW, 

"Cannizzaro.    7.685. 

'^  Scrugliam.    7  605. 

26. 

I'Krant.    A.  C.  P.  153. 168. 

"Bot^liton.    18.530. 

'  Guckelberger.    1.850. 

1°  Plantaniour. 

"Cannizzaro.    6.511. 

»Woliler&Liebig.     See  13. 

I'Scharling.    3.C30. 

«tKopp.    18. 
'LEopp.    18. 

"Malei-ba.    7.444. 

»"Eunge.  P.A.32.308.     [195 

I'Geriiardt.    6.449. 

"  Laurent.  A.  C.  Phys.  (3).  3. 

SMendel^eff.    13.7. 

=0  6OThftrdt.  6.448.    [12.391, 

^iScrugham.    C.  S.  J.  7.  237. 

»Friedel.    10.270. 

'iGerhardt&Cahoura,    C.R 

"  (  Kopp.    IS. 

"=  Bertlielot.    G.  455, 

""^Kopp.   la. 

«\k«pp.    18. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific   Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Phenol. 

0,  H,  0. 

1.0554. 
1. 06a. 

187.' 
i86°-i87.° 

s.— 18.° 

»      « 

« 

1,0667.  3S.° 

183.° 

37=;. 

•Kreaol. 

C,  H,  0. 

1.033,23.° 

,98." 
.98.° 

3  J-" 

*  MeUkresol. 

189°-!  90.° 

s.-38.= 

'  Parakrcsol. 

'97-° 

201?5-202.° 

36.=  5.34.° 
34^5- 

"  Benzyl  alcohol. 

C,  II,  0. 

1.059- 

1.0628,0.°     1 
1,0507,  I5?4.J 

204.° 

2o6?5. 

11      (1             <i 

7;T,,in.  m. 

"      1, 

1,0465,  19." 

206*^2 . 

"  Aniisol. 

0,  H,  0. 

.991.  '5-° 

152.° 

"Phenetol. 

€9  H,„  0. 

Less  than  water. 

i75^° 
172.° 

■=Ethy!  phenol. 

Cs  II,„  0. 

211.° 

47''-48.'' 

"Xylenol.    Phloretol. 

Ca  H,„  0. 

1.0374,  12,° 

a.  220.° 

"        «           Alpha. 

ic 

.9709,  81,° 

213?5. 

IS-" 

'»        «           Beta. 

" 

,.036.0.^1 
.9700,81.=; 

■5- 

""          n                    cc 

« 

"        n           Xenol. 

1.0233,  22.° 

214=2. 

"Ethyl  kreaol. 

Ca  H„  0. 

.8744.  o.° 

188.° 

"laopropyl  phenate. 

C,  Hj,  0. 

.953,0.=       1 

■947.  i2?5-i 

176.= 

^Styrolyl  ethyl  ether. 

C,o  H..  0. 

.93i,2i?9. 

i85=-i87.° 

"  Thymol,  of  Ajowan  oil. 

0,0  H,4  0. 

1 .0285.             s. 

distils  222." 

44-'' 

"        "        Cymyl  alcohol. 

243-° 

'*lBoi)utylanisol, 

C,„  Hi,  0. 

.9388,  16.° 

198.= 

™  Plienamylol. 

Cu  H.a  0. 

224=-22S.'> 

""Methyl  thymol. 

Cu  H„  0. 

.941.  i8.° 

205.° 

"Carvol. 

0,„H„0. 

■953.  15-" 

225''-230.'' 

"Geraniol. 

0,0  H,s  0. 

8851,  15-1 

232''-233-° 

AUTHORITIES. 


'Duclos.     A.  C.  P.  109. 135. 

"Cahoura.    2.403. 

=3/Silva.    Z.  P.  C.  13.  2.''>0. 
"\Silva.    Z.  F.  C.  13.  250. 

>Chnreh.    C.  8.  J.  10.  76, 

"Baly.    A.  C.  P.  70. 269. 

'GtaebB. 

■&Cahours.     2.425. 

=5  Thorpe.    22.412. 

<v.  Rad,    22.448. 

"  Fittig  &  Kiesow.    A.  C.P. 

"Stenhouse.    9.634. 

sFuehs.    Z.  F.  C.  13, 171, 

156.254. 

5'  Kraut    A.  C.  P.  92. 66. 

'Batth.    Z.  F.  e.  13. 624. 

"HlBSlwefz.    10.329. 

ssRiess.    C.  8.  J.  24.221. 

'  Barth.    Z.  P.  C.  13.  624. 

"fWurta.    21.460. 

=»  Cahoura.    C.E.  32.61. 

sWnita.    Z.  F.  C.  13.  382. 

"]  Wurtz.    21.460. 

»  Engelhardt  &  Lafschiiioff. 

*  Cannizzaro.    7.  535. 

sDUVurtz.    21.400. 

22.466. 

'"/Kopp.    18. 
"lEopp.    18. 

"WroblevBky.    31.469. 

"Volckel.    6.513. 

=  F«cha.    22.457. 

3S|  Jacobsen,  Z.F.C,14-171. 
sHJacobseii,  Z.  F.  C.  11,171. 

"  Kraut,     A,  C.  P.  152. 13-i, 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Cajeputene  hydrate. 

C„  III,  0. 

.903,  !?■" 

175.' 

'Cinacrol. 

C,„  H,j  0,, 

1. 05-1. 15. 

a.  250." 

"Colophonone. 

C„  H„  0. 

.84. 

97° 

'Ericiiiol. 

C„  H.,  0. 

.874,  20.° 

240''-242.° 

=  011  Mentha  Pulegium. 

C„  H,e  0. 

.9271— .939. 

i82°-i85.'> 

^Geraniol  ether. 

C»H^O. 

i87''^i90.'' 

'Gaiilol. 

C.,  H„0,. 

■978,  23-" 

'Ivaol. 

Cm  H«  0. 

.9346-  IS-" 

'Terpiiinl. 

C»H„0, 

.852- 

168.° 

'"EucalyploL 

Ci,H,,0. 

.905,  8.= 

175.' 

"Safrol. 

C,„  H„0, 

1.1141,0.° 

23i°-233.° 

"Kreosol. 

C,  H,t,  0,. 

1.0894,  13-° 

219," 

"Cholesteriiie. 

C:^  H„  0. 

1.03,  Melted. 

1 69°- 1 70.° 

"Santonin. 

C,5H„0,. 

1.247.  20?5. 

l3S°-'36.° 

"Cochleann. 

C«H..0,.(!) 

1.248. 

4;.'' 

"  Picrolichenin. 

1,176. 

"  Calophyllum  Eesin. 

C„H„0,. 

I.I 2.  Cryst. 

i05.''s.9O.' 

"Antiar  E«sin. 

Ci,  H„  0. 

1.032. 

"  Guyaquilhtc. 

C^H^O,. 

1.092. 

"Hartm. 

C^H,.0,. 

1-115, '9° 

210.° 

"  From  wormseed  oil. 

C;,H^O. 

.919,  20,= 

i74''-i7S-° 

"     B     Angostura  bark. 

C„H,,0. 

■934- 

a,  266.= 

"  Oil  of  wormwood. 

C,„  H,,  0. 

■973.  24° 

20O°-2O5.'' 

"From  oil  of  Osmitopsis 

asteriscoides. 

C^H^O. 

.921. 

i78''-i88.'' 

'^  Oil  of  Coriander. 

C,„  H,,  0. 

.871.  14.° 

150.° 

"  cr    "  Ginger. 

C«H„,0,, 

.893. 

246.= 

"  u    «   Pulegium  micran- 

thum. 

A„H„0. 

.932-  ^7° 

227.= 

'"Aloisol. 

C,H,A-(^) 

.877,  15-° 

130.° 

"Xanthil, 

C.H^A.m 

,894. 

130.° 

**  Furl'urol. 

C,  H,  0,. 

1. 1648,  i5?6. 
1.1636,  13-s. 

162," 

i62?8-i63'?3 

166," 

'Schinidl.    13.480. 
'Hirael.  Watts' Dietionary. 
'Schiel.    13.i89. 
•Probde.    J.  F.  P.  82. 186. 
'  Watts'  Dictionary, 
sjacoteen.    Z.  F.  0. 14. 171. 
'Sfiideler.    1.677.     [13.61R. 
*  Planta-Eeiohenan,  Z.  F,  C. 


•List. 


,72fi. 


'"  CiOBZ.    Z.  F.  C.  13.  319. 
1'  Grimaux  &  Euotte.    Z.  F. 
C.  13.  411. 


AUTHORITIES. 

"  Hlflsiwpta.  A.  C.  P.lOe.354. 
MHein.    1.920. 
"Trommsdorf.    A.  C.  P.  11, 

190. 
'*  Watts'  Dictionary. 
"Alms.    A.  C.P.I.  61. 
"  Levy.    C.  E.  18. 244. 
"Mulder.    A,  C.  P.  28,  307. 
"  Dana's  Mineral<^y. 
s»Schr5tter.    P,  A.  59.45. 
"Viilcltel.    6. 513. 


^Herzog.    11.444, 

'  Leblanc.     A.  C.  P.  5fi.  357. 

'  QoTup-B*sanez.    7.  .'596. 

>Kawalier.    5.624. 

'Papousek.    6.624, 

'  Butlerow.    7. 505, 

'  Eobiquet.    Watts'  Diet. 

'  Couerbe. 

•Cahonrs,    1.73.3. 

I  Stenboiise.    1.  732, 

'Stenhouse,    3.513. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Speciac  Gravity. 

Boiling- 
point. 

Melting 
Point. 

'  Furfurol. 

C5  H.  0,. 

..168.  i5?5- 

;:;S:}'s." 

i6i'?6. 
ifo^-iSa^ 

'  Fucusol. 

C,  H,„  0,. 

1-150-  13*^5- 

I7i''-I73.'' 

'Guajol. 

C9  II„  0,. 

.871,  '5-° 

11 5°-!  20." 

'  Guajacol. 

1.1171,13-° 
1.119,22.° 
1.125,  le." 

1.119.  17^5- 

203°-2O5.= 

-Kapnomor. 

.9775. 20." 

■995.  15^5- 

.85.= 

''Kreoaote. 

1.037, 20.° 

203.' 

H          „ 

1.076,  >;^5- 
i.04,  11  °s. 

15           „ 

1.057. 13.° 

2O2''-2l0.^ 

"        I 

1.0831,  17?5- 

1.0874. 20." 

195.° 

19 

i.087, 16." 

"  Mesitene. 

C„H^O,.(?) 

.SoS. 

63.° 

=»  Xylite. 

.816. 

61^5. 

.      „ 

.805. 

6i°-63.° 

AUTHORITIES. 


'  Fownea.    P.  T.  1S45.  253. 
'  f  Volckel.    S.  052. 
'IVolcltel.    5.652. 
•Stenhouse.    3.513. 
"Volckel.    7.611. 

..  C.  P.  106. 


s'  Dictiotiarv. 


*  Gonip-Besanez. 

» Keichenbach.    J.F.P.I.C. 

•Volckel.    6.541. 

'  Eelchenbach.    Schwrig.  J. 

ee.308. 
'Volcke!.    6.542. 
'  Gorup-Besanez.    6.  .>43. 
'  Gorup-Besanez.    8.  &W. 


"  Gonip-Besanez.    20.683, 
1'  Frisch.    20. 689. 
"  Biechele. 
'*Weidmann  A  Scliweitzer, 

A.  C.  P.  36. 305. 
"Weidmann  &  Schweitzer. 

A.  C,  I'.  36.  305. 
1  Volckel.    4.499. 
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SfEClF.'O   GRAVITY  TABLES. 


XLI.    CoMrofSDS  Containing  C,  H,  and  N. 

let.  CYANIDES  OF  THE  ETHYL  SERIES* 
Nttuiles. 


Name. 

Formula. 

Specific    Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Methyl  cyanide. 

C  H,.  Cy. 

.8347,  0-'  1 
,8191,  16.°)" 

77-° 
7o?9-72?i. 

77°-7S.'  • 
7796. 
77-78-= 
81^-82.° 

"Ethyl 

C,  11;.  Cy. 

.787,  15.° 

.7889.    12°6, 

82.° 

88.° 

97'^-^8.'> 

967. 

98.- 

"  Propyl 

C,  H,.  Cy. 

.79$.  '^°5- 

ii8?5. 
a.  80.° 

•-Butyl 

C^  H,.  Cy. 

.813.  IS" 
.8164.  0.° 

1 2  5'- 1 23." 
140-4. 

■»Amyl          " 

(\  H„.  Cy. 

.8061,  20,= 

146." 

■»Hepty!        " 

C,  H^.  Cy. 

.8201,  13^3- 

194  -195.° 

»Octyl 

C,  H„.  Cy. 

,8187.  14-° 

_^°°: 

Name. 

Formula. 

specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

*'  Dimethylamine. 
"Ethylamine. 

c,  ir,  N. 

C,  H,  X. 

.6964.  8." 

S°-9'" 
.8?7. 

AUTHORITIES. 


'  Dumas. 

1,  592. 

»Prankland&Kolbe.  1.652. 

"  Lieben  &  Rossi.     A.  C.  P. 

"Limpricht.    9.514. 

158. 137. 

18.                   [508. 

"Gautier.    21.631. 

"Grimm. 

"Pelletdr.    21.634. 

18.  310. 

1' Dumas.    1.594. 

"  Markowniliofr.    IS.  318. 

21.630. 

isSchUcper.     A.  C.  P,  59. 15. 

"Hofmann.    Watta' Diet. 

*  Pelome. 

Watts'  Diut, 

"Guckelberger.    1.  S52. 

'sWuHa.    3.446. 

"Compare  Oieae  cyanides  s 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

.o.«,.. 

Specific   Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Trimethyl  amine. 
'Propylamine. 

0,  Hj  N. 

-7283,  O."   ) 
.7134,21.°! 
.690,  18.= 

9." 

49°7- 

49='-5o.° 

3i°5. 

'Diethylamine. 
*  Butylamine. 

c,  ir„  N. 

C^  H„  N. 

-75S3,  0-°  1 
.7333.  25-° J 

3''-32-5- 

57-° 
69^-70.= 

75°5- 

"  Amykmine. 

C5  H,3  N. 

93-° 

.7503,  18.° 

95° 

"Di-isopropylamine. 
"  Hexylamine. 
"  Heptylainine. 

Ce  H,5  N. 

C,  II,;  X. 

C,  H„  N. 

■755,  o." 
.768^  17.= 

95-° 
78=5. 
83"  5-84.° 

135°-I28.= 

i44''-i48.° 

"  Methyl  ethylamy  I  amine. 
"Octylamiiie. 

C3  H.,  N, 

.786. 

135-° 
164.° 

1 72=- 175.° 

"  Diethylamylamiiie. 
^  Nonylamine. 
™  Diamylamino. 

Cg  II„  N. 

Cj  II„  S-. 

175-° 

1 68=- 172." 

154." 

^  Tri  amy]  amine. 
"Tricetylamine. 

C,5  IIji  N. 
C,B  II,a  N. 

.7825.  □." 

178^-180.° 
257.° 

39.°  3.33.° 

AUTHORITIES. 


1  Hofmann.    Watts'  Diet. 

"Brazier&Goasleth.    3 

HOR 

"  fahours.    7,  484. 

'Mendius.    15.326. 

"Wurtz.    3.451. 

"Bonis.    8.526. 

"fSUva.    Z.  F.C.12.638. 
nSilva.    Z.  P.  C.  12. 638. 

"Wurtz.    19.425. 

"Wnrtz.    19.425. 

529. 

=  Sierech.    21.082. 

"Sierech.    21.632. 

« Hofmann.    4.489. 

'Gautier.    A.  C.  P.  149. 159. 

'»  Pelouze  and  Cahoura. 

Ifi, 

==  Pelouze  and  Cahours.    10. 

'Hofmann.    4.489. 

527. 

529. 

"Wurtz.    A.  C.  P.  93. 124. 

"  Pelouze  and  Cahoucs. 

Ifi 

"Hofmann.    4.493. 

»     Lieben&RopsL    A.C.P. 

52S. 

"Silva.    Z.F.C,  10,157. 

J     93. 124. 

'*  Schorl  enimer.    16.  533. 

» Hofmann.    4,493. 

1"     LiebenA Rossi.    A.C.P. 

i»  Hofmann.     C.  S.  J.  4 

317, 

»  Fridau.    A,  C.  P.  83.  25. 

I     93. 124. 

™  Squire.    7,485. 
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SPECIFIC  GRAVITY  TABLES. 


3d.  BASES  OF  THE  ANILINB  SERIES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Phenylamine.    Aniline. 

C,H,N. 

1.  020;   16." 
1.028. 

1.0361,0."     I 
1.0251,  i3=7.[ 
1.018,  15=5. 

182.' 

228." 

184=8. 
i84°5- 

'  Toluidiue.  Bcnzylamine. 

c,  a,  N. 

.990,  14.' 

198." 
183." 

205°-206.° 

45-° 

'         1.                  Paeudo. 

>0               :,                                                     t 

„ 

1.0002,  16-3. 

1.003,  20?2. 

198.= 

199." 

"         ..           Different     1 

.998,  2595. 

199." 

'"'         "1       preparations. 

1.003,22." 

199." 

45-'' 

"Methyl  aniline. 

c,ir,N. 

192.° 

'^Xylidino. 

Cb  h„  n. 

.985,    18=5. 

216." 

«        «                     Alpha. 

.975,  22.° 

213"-2I4.«J 

"        «                       Beta. 

« 

.983.  22.° 

210=-2„.'i 

"*  Ethyl  aniline. 

C,  H„  N. 

.954.   18.° 

204.° 

"  Cumidine. 

C,  H„  N. 

.3526. 

225.° 

*  Ethyl  toluidine. 

C,  H,,  N. 

■939«.  i5°S- 

217.° 

"Cymidine. 

C.o.H„  N. 

Less  than  water. 

a.  250." 

''Diethyl  aniline. 

C„  H,,  N. 

.939.  1 8.° 

213^5- 

-Amyl 

Ci,  H„  K, 

258,° 

''Diethyl  toluidine. 

C„  H„  K, 

.9242.  15°5. 

229." 

^  Ethyl  amyl  aniline. 

C,3  H,,  K. 

262.° 

^  Diamyl             i 

Cio  H„  N. 

275^-280.= 

''Cetyl                 « 

C.^H„X. 

42.''S.28. 

"^Ditenzylamine. 

Ci,  His  N. 

1.033,  '4-° 

"-Allyl  aniline. 

C,  H„  N. 

.982,  25.° 

208°-209.'' 

AtlTHORITIES. 


'Hofinann.    A.C.  P.  47.50. 

"  Beilstein  &  Kahlberg.     Z. 

■'Hofmana.    2.  3'J8. 

P.O.  12.523. 

I'Nicholaon.    1.61U. 

SfKopp.    18. 
'iKopp.    18. 

"  Beilstein  &  Kuhlberg.     Z. 

"Morley&Abel.    4.497. 

P.  A.  12. 623. 

ii  Barlow.    8.547. 

'StSdeler  and  Amdt.      17. 

"  Beilstein  AKahlberg.     Z. 

^Hofmann.    2.399. 

425. 

P.  0. 12.  524. 

"Hoftnann.    2.400.      [41S. 

«Morley&Abei.    7,493. 

"Tawildarow.     Z.  F.  C.  13. 

a- Hoftnann,    2.401. 

"Sfadeler.    J.  F.  P.  96.67. 

i»  fBeilalfiin  and  Kuhlberg. 

"Eosenatiehl.    21.745. 

A.  C.  P.  I5G.20e. 

"  Fridau.    A.  C.  P.  83.  30. 

"  Brflstdn  &  Kuhlberg.     Z. 

"    Beilstein  and  Kuhlberg, 

=e  Limpricht.    20.510. 

F.  C.  12. 523. 

I     A.  C.  P.  156. 206. 

"Scllitf.    17,415. 
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4th.  BASES  OF  THE  PYRIDINE  SERIES. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

•Pyridine. 

C,  H,  N. 

.9858.  0.= 

.924,  23." 

ii6?7. 

*  Picoline. 

C,  H,  N. 

.95;,    10-" 
-96.3,  0  ° 
.933.  22-° 

116^5- 
■33-° 

134° 
'35-" 
135." 

'  Parapicolii 

e. 

1.077. 

seo^-sis.' 

'"Lutidine. 

C;  H„  N. 

,928. 
.9467.  0.° 
.945.  22." 

I77°-183-'' 

154°S. 

154,° 

Alpha, 

.9467.  0," 

1 54-"          } 

Beta.  I 

.9555.  0° 

i63'-ifi8.°S 

'^Collidine. 

C,  H„  N. 

.92  [. 
.9439.  0-° 
.953,  22." 

179-= 
179-" 

iSo.° 

170." 
i78''-i8o.'' 

''  Par  vol  in  e. 

C»  IIi3  N. 

.966.  ^2." 

i38.° 

"Coridine. 

OiB  H,s  N. 

-974.  22° 

211." 

=»Eubidine. 

C„  H„  N. 

1. 01 7,  22,° 

230-° 

"Viridine. 

C.,H„N. 

1.024.  22.' 

351.° 

_^__^ . 

5th.    MISCELLANEOUS  COMPOUNDS. 


Formula.    Specific  Gravity. 


■"ilethyl  carbylamine. 
™  Ethyl  " 

"  Isopropyl       « 
"Butyl  « 


G,  H,  N. 

C,  H,  N. 

C5  H„  K, 


.7596.  c 
.7873, ' 


'Anderson.    10.397. 

'Thenius.    14.502. 

'Cliurchi&Owen.    13.350. 

*  Anderson.    A.  C.  P.  60.  93. 

1  Anderson.    10. 397. 

'Tlienius,    14.502. 

'  Church  &  Owen.    13. 359. 

"Baeyer. 

'Anderson.    10.396. 

»  Williams.    7.  49i. 


AUTHORITIES. 
"  Anderson.     10.  397. 
"  Tlienius.    14. 602. 
>»rWllliams.    17.437. 
"tWilliams.    17.437. 
16  Anderson.    7.490.      [309. 
i«  Williams.    Chem.Gaz.  13. 
"Anderson.    10,397. 
1'  Church  &  Owen,    13. 359. 
16  Theniua.    14. 502. 


2"  Baeyer,  Z.  F.  C.  12. 689. 
^iTlienins.  14.602, 
S'^Thenins.  14.502. 
^'Thenins.  14.502. 
"Thenius.  14.502. 
^Gautier.  20.367. 
MGautier,  20.367. 
^iGantier.  B.  S,  C.  11.  224. 
fiGautier.     ZF.C.  12.416. 
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-       

Name. 

Formula. 

Specific  Gravity. 

Point. 

Poinl. 

'  Acetykmine.               (?) 

C,  H,  N. 

■975.  15° 

218.= 

'  Allylamiiie. 

C,  H,  N, 

.864,  15.° 

58.° 

'Ethylene  cyanide. 

C,  H,  N,. 

1.023.  45-° 

37-° 

'  Allyl 

C.  ITj  ST. 

.8389,  12." 

■794.  17-  1 
.8491,0-°  ■) 
-S35<,  '5-°f 

Ii8?7-ii9?2. 
96°-!  06.= 

>  Phenyl 

C,    H;   N. 

1-0073,  15." 
1.0230,0.°    -1 
1.00S4,  li'-Bj 

igo^-igi." 
I90'?6. 

"Cumonitrile. 

C,„  H„  N, 

.765,  14.° 

239.° 

"ChinoUne. 

C,  H,  N. 

i.oSi,  10.' 

339-° 
238°-243.° 

"Lepidine. 

Co  H,  N. 

1.072,  15.° 

266=^27 1.° 

'« Pyrrol. 

C.  IT5  N. 

1-077. 

133-° 

"Coniine. 

Ca  H,5  N. 

.89. 

i87?5. 
189." 

Z       " 

;; 

.878. 

i68°-i7i.° 
i63°S- 

^'  Nicotine. 

Cj  H,  N". 

1.033,4."       1 

1,027,  i;." 
1.018,30.°    \ 

=>          n 

II 

1.0006, 50.° 

«        „ 

" 

.9424. 10195.  J 

AUTHORITIES. 


'  Natimson. 


9.  527. 


'Simpson.    14.654. 
*WiU&Komer.    16.499. 
1  (  Lieke.    A.  C.  P.  112. 319. 
nuelte.    A.  C.  P.  112.319. 
'  [■  Rinne  &  ToUena,     A.  C. 

\      P,  159. 105. 
*  I  Rinne  &  Tollens,     A.  C. 

I.     P.  159, 105. 


1  Feliling.    A.  C.  P.  19.  91. 
'"  I  Kopp.    IS. 
I'lKopp.    18. 
i=Hofniann.    1.-195. 
"  Hofmann.    A.  C.  P.  4T.  70. 
"Williams.    9.533. 
"■WilUams.    9.536. 
"Anderson.    10.399. 
"  Ge^'er.   Watts'  Didionar;-. 


■sCliristison.     Watts'  Diet. 
"Ortigosa.    A.  0.  P.  42.  313. 
»>Blyth.    2.388. 
s'Wertheim.    15.364. 


Barral. 
Barral. 

1,  614. 
1.  6U. 

Barral, 

1.  614. 

Barr.1. 

1.614. 

[  Barrai. 

1.  eu. 
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;  CoxTAixiNG  C,  H,  N,  and  0. 


let   NITBITES  AND  NITKATES  OF  THE  ETHYL  SERIES. 

Name. 

Formula. 

Specific 
Gravity. 

Point. 

Melting 
Point- 

'  Methyl  nitrite. 

0  H3  N  tV 

.991. 

—12." 

'Ethyl 

C,  Hj  N  0,. 

.886 
.947 
.898 
.000 

4-° 
15.° 

'5°5. 

16-4. 
17^5-18.= 

i6?6-i7=8. 

^Isopropyl  " 

C,  H,  N  0,. 

.80 

24-"  1 

45-° 

'         «         « 

.844 

765  m.  m. 

"  Butyl         » 

C,  H,  N  0,. 

.89445.0.=   -) 
.8771,  '&.'■    [ 
.82568,50-0 

67." 

"Amyl 

C;  H,i  K  Oj. 

.8773- 

96.° 
91." 

"  Methyl  nitrate. 

C  H,  IT  O3, 

1.182,  20." 

66." 

•=  Ethyl 

C,  H,  N  0,. 

1. 112,  17.° 
r..3«,o,"    1 
r.1123,  15?;.! 
'.0948,  17.= 

65.° 
86=3. 

87?2. 

'"Isopropvl  " 

C,  H,  N  0,. 

1.054.0,°  } 

10 1  "-102  " 

^                l<                 0 

760  ra.  m. 

"  Bulyl 

C.  U,  N  0,. 

.-0384,  o."l 
..020,  ,6.4 

a.  130.° 
123.° 

■"Amyl 

C3  H„  N  O3, 

.902.  23." 

'37.° 

.994,   10.° 

[48.° 

•"     « 

'■ 

i47°-t48.° 

AUTHORITIES. 


iStrecker.    7.521. 

"fChapman&Smith.   C.S. 
I     J.  22.153.          [12.319. 

■"Witfsteiii.    18,470, 

"Dumas  diBoullay.    A.  C, 

i»r8ilva,    Z,  F,  C,  12,  637. 
*>  1,  Silva.    Z,  P,  C.  12.  fi37. 

Phvs.  (2).  37. 19. 

"Balacd.     A.  C.  Phys.  (3). 

■  Liebig.    A.  C,  P.  30. 143. 

"Rieckher.    1.699. 

"Wurtz.    7.575, 

'Mohr.    7.561. 

"Guthrie.    11.403, 

"    Chapman ifeSmiHi.   C.S. 

5  Brown.    9.575. 

"Domaa  &  Peligot.     A.  C, 

J.  22. 153. 

•fSilva.    Z.F.C.  12.637. 
USilva.    Z.  F,  C.  12.  637. 

Phys,  (2).  58,39, 

"    Chapman  &  Smith,    C.S. 

"MiUon.     A.  C.  Phya.  (3). 

J,  22, 153. 

«    Chapman  &  Smith.  C.8. 

8.236. 

«Rieckher.    1.699. 

■      J.  22. 153.       [J.  23. 153, 

"fKopp.    18, 
"I  Kopp,    18, 

^Ifofraanii.    1.  G99. 

»( Chapman* Smith.   C.S. 

»  Chapman  &  Smith.  20.550. 
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2d.  NITBO-SUBSTITUTION  COMPOUNDS. 

Melting 

Point. 

Point. 

'  Nitro  caprylic  acid. 

C,H,,NO, 

1.093.  18.° 

'Ethyl  nitro  caprj'late. 

C,„  H„  N  0,. 

1.031,  18.° 

'     «      nitro  lactate. 

0,  H,  N  0,. 

1-1534.  13° 

178.° 

'     «      nitro  malate. 

Q,  H„  N  0,. 

1.2024,  f^" 

'     «      nitro  tartrate. 

C,H„N,0„. 

1.2778,  melted. 

45'=-46.= 

'Nitroglycerine. 

C  H,  N,  0,. 

1.595,-^1.60,15,= 

1.5958. 

1,60. 

1.60. 

'"Nitrosodiethyline. 

C,  H„  N,  0. 

.951,  17°5. 

176-9- 

"  Methyl  nitrobenzoate. 

Cb  H,  N  0,. 

279." 

70.° 

"Ethyl 

C,  H,  N  0,. 

298." 

42." 

'>Nitrobenzol. 

C,  Hj  N  0,. 

1.209,  15° 
1. 1866,  14^4.* 

213.° 

2I9=-220.° 

s-S-" 

"Nitrotoluol. 

C,  H,  N  0,. 

1. 18.  16=5.° 

225.° 

>■>         ■,                    Ortho. 

1.168.  22.° 

230''-23i.'* 

Meta. 

" 

1.163,  23?5.> 
1,162,  23,°  \ 

222''-223.° 

™Niti-osylol.             Beta. 

C,  Hj  N  0,, 

1,126,  17=5- 
1.126,  24?5- 

237°-239° 

227°-228.'' 

^- 

'"  Di nitro  benzol. 


"Diiiitro  aniline. 

C„  H;  N,  0,, 

irs-" 

"Mono  nitro  methyl  phe-' 

nol.                                 C,  H,  N  O3. 

1.249,  26° 

265.^ 

9,-rs.o.' 

«  Nitro  iaobutylanisol. 

Para.    C,,H„NOs. 

1:1361,  20." 

275°-28o.'' 

^     ..               u        Ortho. 

1. 1046.  20.= 

2S5°-290.» 

'"Kitroethane.                      CHsNO^. 

1.0582,  13.° 

ii3°-"4-'' 

Isomer  of  ethyl  nitrite. 

AUTHORITIES. 


1  Wira,    A.  C.  P.  104. 289. 

"Mitacherlich.       P.  A.   31. 

'"Tawildarow.      Z.  F.  C.  13. 

iWirz.    A.  C.  P.  104.  200. 

626. 

'L.Henry.    Z.F.C.  13.6S3. 

"fKopp.    18, 
"tKopp.    18. 

"Beilstein&Knhlbei^.    22. 

'L.  Henry.     Z.  P.  C.  13. 692. 

s'Beilatein&Kuhlberg.    22. 

SL,  Henry.    Z. P.O.  13. 892. 

"DeTille.     A.  C.  Phys,  (3). 

415. 

3. 175. 

«  Rudnew.    Z.  F.  0.  14.  202. 

'Liebe.    13.453. 

"Beilstein&KQhlberg.    22. 

"Rudnew.    Z.  F.  C.  14.  202. 

BSobrero     13  453 

403. 

ssBrunck.    20.61S, 

B  Champion    ZFC.14.350. 

M  fBeilatem&Kuhibeis.  A. 

»Eieaa.    Z.F.C.  14.39. 

WGenther     16  40'}. 

C.  P,  155. 17. 

IB    Beilsteiti&Kuhlberg.  A. 

iSMeveraiid  Stuber.     A.  C. 

"Oianccl     2  527 

1,     C.  P.  155.  17. 

Phys.  i4).  2a.l38. 
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3d.    MISCELLANEOUS  COMPOUNDS. 


'  Methyl  cyanate. 

=  Ethyl 

"  Amyl  " 

•Allyl 

'Phenyl        a 

'Methyl  cyanurate. 

'Ethyl 

'  Aceto-ethyl  nitrate. 

'  Valeracetonitrile. 
'"  Trioxamylidene, 
"  Cyanetholine. 
"Acetamide.  8, 

"Ethyl  formamide. 
"     «     acetamide. 
"     "     diacetamide. 
**Mucamide.  s. 

"  Acetanilide.  s. 

"Urethane.  \        s, 

"Ethyl  urethane. ) 
"Aaparagine. 
"  Aspartic  acid.     Active. 
"        "  «      Inactive. 

''Hippuric  acid.  s. 

"Ethyl  hippurate.  s. 


''Benzoyl  hydride  hydro- 

cyanate. 
"Mono   aniido   methyl 

phenol. 


Formula. 

C,  H,  N  O. 
Cj  Hj  N  O. 
Cj  H„  N  O. 
C,  H,  N  O. 
C,  H^  X  U, 

Oe  H,  :::j,  o,. 

C»  His  N3  Oj- 
C,  H„  K,  O,. 

Ca  H„  N  O3. 
0,  H5  N  O. 
Cj  H5  N  0. 
C,  H,  N  O. 
C^  H,  >.'  O. 
C9  H,i  N  O,. 

Cb  H,  N  0,. 
Cj  H,  N  0,. 
Cj  Hii  X  O,. 
C,HaN,0,.HjO 
Ci  H,  N  O,. 

Ci,  H„  S  O,. 
C  H,  N,  O. 


C,  Hj  N  0. 

Cg  H„  N5  0. 


.6613,1 
.6632.; 


163.° 
274,° 


84''-86.'' 


AOTHORTTIES. 


■  Wurtz.    7. 66S. 

"aoiiz.    10.386. 

™  Watts' Dictionary. 

=  Wurlz,    7.664. 

"Mendiua.    36. 

nVurtz.    2.428. 

"Wutts.    7.  S67. 

» t  Pasteur.    4,  SS9. 

*  Ilofmann  &  Cfthonra. 

9. 

i^Wurtz.    7..'i66. 

"Scliabus,    3,410, 

'^Wurta.  A.C.Phys.  (2).42. 

"Stenhouse,  A.C.P.3I,  148. 

'  Hofmann. 

55. 

»Bodeker.    26. 

'Wurtz,    7.568. 

"  Malaguti.    C.  R.  22.  854. 

»  Proust. 

'Wurtz.    7.567. 

"  Williams.     17.  4^4. 

"  Schabns. 

«Nadler.    13.403. 

1*  f  Weltzien'H  "  Zusaniraen- 

*sVolcke!.    P,  A.  62,  444. 

"Scl.lieper.    A.  C 

P.  49. 10. 

<     stellung." 

'»Brunck.    20,620, 

"J.  Erdmann.    17.419. 

"(Wurtz.     7,565. 

"Siersch.    20.537. 
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Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Cyanoil. 

'Nitroxyl  piperidine. 
'  Piperine. 
•Caffeine. 

■Creatine  hydrate. 
'  Codeine, 
'Morpliia  l>utyral«. 
"       11         oxalate. 
'"      n        lactate. 
"  Indigo  blue. 

C,  Hu  N  0.  (?) 
Cj  H,„  Nj  0. 

C,H,„N.O,H,0 

C,aH^NO,,H,0 

C^»N,0,2aq 
C,  Hj  N  0. 

1.009. 

1.0659,  'S^S' 
1.193'.  'S," 

1.23.  ig-" 

1,34-1.35. 
1.300. 
1.215, 13° 
1.286, 15." 

I.3574- 
'•35. 

240.°  p.  d. 
SuLl.  i84'?7. 

177-8. 

XLIII.   Metallic  Salts  of  Oeganic  Acids. 


■'  Lead  formate. 
"  Copper     u 


Pb  C,  H,  O,. 
Cu  C,  Hj  0..  2  a. 


t.56.n. 
:.3i5,2< 


■'Silver 

"  Lead  " 

"  Barium        " 

*"  Copper       K 

"  Zinc  " 

"Sodio  iiranic  acetate. 


Totaaaium  oxalate. 


Na  C,  H,  0,. 

Na  Cs  H,  0;.  0  aq. 


Ag  C,  H,  O,. 

rb(C,H305),,3a( 
Ba(C,HA)!-H50.^  2.19,  13°. 
,914,  20.° 


Zn(C,H,0,)5.3aq.i  1.7175.  i^; 
NaC,  H3O,.     1     . 

+  2.55,  12." 

(ucn.oj.j 


K,  C,  0,,  H,  O. 


:-i04,  r 


iRoss^on.  A.  C.  P.  41. 301. 
sWertlieim.    16.440. 
'Waclcenroder.  Watts' Diet. 
<  Pfaff.    Watta'  Dictionary, 
'Mulder.    P.  A.  43. 175. 
♦Watts'  Dictionary. 
'Hunt.    8.666. 
'  Dechanne.    16. 445. 
"Decharme,    16.445. 
'"Dechanne,    16,445. 


AUTHORITIES. 

"Weltaien's    "  Ziisammen- 

ateliung." 
''  Bodeker  &  Giesecke.    26 . 
"Gelilen.      A.  C.  Phys.  (I). 

83. 213. 
"Bodeker.    26. 
IS  Buignet.    14. 15. 
1"  Bodeker.    26. 
"  Liebig  &.  Eedtenbacher. 
■s  Buignet.    14.15. 


1 »  Gelilen.      A.  C.  Phys.  (1). 
83.213. 
"Bodeker.    26. 
^  I  Bodeker  &  Giesecke.   26. 
™  i  Bodeker  &  Giesecke.   26. 
«Schabus.    3.393. 
^  Play&ir  and  Joule.    11, 
»Scli'iif.    12,16. 
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N.m..                             F„,n,„I..          |       |P-'«= 

Boiling 
Point. 

Melting 
1     Poinl. 

■  Ammonium  oxalate.       \A.m.,  C,  0^,  Hj  0. 

1. 461, 

m.of2. 

'Silver 

'■Thallium 

*  Hydrogen  sodium  oxalate 

'          "     potassium      « 

Ags  C,  0,. 

Tl,  C,  0,. 

Na  H  C,  0..  Hj  0. 

K  H  Ci  0^. 

1.475- 
1.470. 
4-96, 1 
6.31. 
2-3'S- 

m,of2. 

'"        "    ammonium  « 

Am  H  C;  0,.  H,  0 

2.030. 

2.088. 

■-563, 

i.5i6. 

3-9? '■ 

1.817. 

[.765. 

1.836. 

1.589. 

1.607. 

2.288, 

1.923- 

2.98. 

2.50-2 

2.13-2 

m.of3. 

"        n    thallium        « 
"  Potassium  quadroxalate 

Tl  H  Cj  0,.  H,  0. 
KH3G,0s.2H,0 

"Ammonium         "               Am  II,C,Oa.  IIjO. 

n.  of  2. 

'*  Potassium  copper  oxalate 
'^  Ammonium    ic         « 
>*  Uranium  oxalate. 
''  Whewellite. 
'^  Humboldtiiie. 

K,CuC,08.2H,0. 
Am,CuOj08.2HjO. 
tJ,0,.C,0,.3H,0. 
Ca  C,  0,. 
2FeC,0..3H,0. 

ll.of2. 

75- 
489. 

'^  Ammonium  succinate.    Ain,  C,  H^  0^. 
"Silver                   «           Ia^,  C,  11, 0.. 
^  Lead                    "            |Pb  C,  H^  0,. 

1.367, 
3-518, 
3.800. 

""Sodium  tartrate. 
"Potassium   « 

''Ammonium  tartrate. 

Na,C,H,0,.4H,0. 

K,  C.  H,  Oe-  H,  0. 
Am,C,H.O,. 

1.794. 
1.975. 
1.960. 
1.S66. 

'•Silver 
'^Thallium 

Ag,  C,  H,  0,. 

1.523. 
3-4321. 
4.658. 

AUTHOEITIF-S. 

iPIayfait  and  Joule.    11. 

'=lamy  and  Des  aoiaeans. 

=  Scliiff.    12.18. 

■'  Nature."  1. 142. 

'Buignet.    14.15. 

"Playlair  and  Joule.    11. 

"Schiff.    12.16. 

"Lamy  and  Des  Cloizeaux. 

■*Buignet.    14.15. 

"Seliiff.    12.16. 

"Nature."  1.142. 

"PlayfeirandJoale.    11. 

s*Bmgnet.    14.15. 

»Buigiie6.    14.15. 

"Schiff.    12.16. 

==  Schiff.    12.16. 

'Playfeir  and  Joule.    11. 

1' Player  and  Joule.    11. 

'"Buignet,    14.15. 

'Schiff.    12.  le. 

"PlayEur  and  Joule.    11. 

"Liebig&Redteiibacher.  A. 

'"Ebelmen.    J.  F.  P.  27. 391. 

C.  P.  38. 139. 

"Playfeir  and  Joule.    11. 

"  Dana'.^  Jlineralosv, 

"  T^my  and  Defi  Cloizeaux. 

"  Dana's  Mineralogy. 

"Nature."!.  142. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Hydi'ogen  potJissium 

tartrate. 
*         11  ammonium  « 

K  H.  C.  H,  0„. 
Am  H.  C^  H,  Ob- 

I-943. 
'■973- 
1.956. 
1.680. 

^          11  thallium        " 

TI  H.  C.  H.  (\. 

"  Sodium  potoasium  « 
'       "    ammonium  n 

Na  K.  C.  H.  i\.  4 II,  0. 
XaAm.C,K,Os.4H,0. 

1.74. 
1.767. 
i.79<=- 
1.58. 
1-576. 
1.587. 

"Potassium  "            " 

KAm.C4H,Oe.4H„0. 

1.700. 

'^  Potassium  tartar  emetic. 

(K(SbO)aHAl2.II.O. 

2.5569. 
2.607. 
2.58S. 

''Thallmm       -         « 

[Tl(SbO)C.H,0„)j.lI,0 

3-99' 

K,  C.  H,  Og.  2  H,  0. 

1.58, 

"Silver 

Ag,C.II,0,. 

i^*  Thallium 

(T1,C.  H,Oe),.  H,  0. 

4.659. 

™  Eacemo-emetic. 

(K[SbO)CjHA]2-H,0 

2.4768. 

^'  Silver  malate. 

Ag,  C(  H.  O5. 

4.0016. 

"Hydrogen  ammonium 

malate. 

Am  H.  C.  H,  0^. 

1.55. 

"Thallium  picrate. 

Tl  C,  H,  (N  0,)j  0. 

3039' 

"  Calcium  hippurat«. 

2(CaC,^„NA).SH,0. 

1.318. 

^  Potassium  borotartrate. 

KBO,.C.H.O,. 

1.832. 

AUTHORITIES. 


'  Sehabus.    3.  378. 

"Scliiff.    12.10. 

"Laiiiy  and  DeaCloizeaux 

'Sohiff.    13.  IC. 

"SchifF.    12.16. 

"Nature."  1.143. 

'Buignet.    14.15. 

"Paalenr.     A.  C.  Phys,  (3). 

wPasteur.     A.  C.  Plij-s.  (S). 

*Schiff.    12.16. 

28.  86. 

SLamy  and  Des  Cloizeaui. 

"SchifF.    12.16. 

"Liebis&Bedt«nbaclier.  A. 

"Nature."  1.142. 

■sBuigoet.    14.15. 

C.  P.  38. 139. 

«Mitscherlich. 

"Lamy  and  Des  Cloiseaux. 

"Pasteur.    4-392. 

'SchifF.    12.16. 

"  Natare."  1. 143. 

•^  Lamy  and  Des  Cloizeaus. 

s  Buignet.    14.15. 

I'Mitscherlicii. 

"Nature."  1.142. 

«  Mitscherlich. 

isLiebig&RfidtenbacIier.  A. 

"a^liabus.     3.411. 

"Pasteur.    2.309. 

C.  P.  38. 139. 

!» Buignet.    14.15. 
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SFECIFW  GRAVITY  TABLES. 


XLIV.     COMPOUSDS    COSTAISISG    C,  H,  AND    CI. 

Including  the  Chloeides  of  Cakbos  Produced  by  SuBs^mITIO^ 
let.   CHLORIDBS  OF  THE  ETHYL  SERIES. 


Name. 

..™u,.. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

■Methyl  chloride. 

C  H3.  CI. 

-20"  10-22.° 

'Ethyl 

C,  IIj.  CI, 

.874,  5-° 
.93138,0." 

.9253.  o-" 
.9176,  8." 

ii°-i3.° 
I2?i8. 

'Propyl 

8      „              «             iso. 

C,  H;.  CI. 

.874,  10.' 

.9'  56,  o."       ^ 
.89T8,  19=75-  \ 
.8671.39-°      3 

a.  40.° 

52.= 
46?5. 

'=  Butyl           " 

C,  H,.  01. 

.880. 

7o''~75.'' 

70.° 

65--70.° 

IE       a                      a 

.9074,  0-°  ) 
.8874,  20-°) 

77°6. 

"     « 

7,1.3  m.  m. 

1*       ^r                      « 

u 

•8q53,o.°     ) 

19       a 

<l 

.8651,  27°8   \ 

69.° 

»    «           11 

.82S1,  59-°    ) 

='Amyl 

CjHjj.Cl. 

102.° 

"     !!               " 

.8859,0-=    1 
.8625,25e..r 

loo^e-ioi." 

=5     „ 

.89584,  0." 

ioi°75.° 

]^     "               "             '^''- 

" 

.8S3,  0,= 

90.° 
98"- 103." 

AUTHORITIES. 


■•Berthelot.    8.599. 
'  Thenard. 
'  Pierre.    15. 
-'Sciiorlemmcr.    17. 467. 
'Darling.    21.328. 

A.  C.  P.  160. 


'Berthelot.    8.613. 

^  Linnemann.    18.  489. 
■•Chancel.    32.359. 
-»■( Kerre&  Pachot.     A. C. 
a     Phya.  (.4)..22..281. 


"  r  Pierre  &Puchot.     A.  C. 

\     Phys.  (4).  22.  381. 
1'  I  Pierre  &  Puchot.     A.  C. 

I     Phys.  (4).  22. 281. 
"  Wurtz,    7. 572. 
"Gerhard.    15.400. 
wpelouze&Cahoure.  16.524. 
"  f  Lieben  &  Roaai.    A.C.P. 

\      158. 137.  [158. 137. 

"  ( Lieben  &  Rossi.    A.  C.  P. 
18  f  Pierre  &  Piichot.     A.  C. 

\     Phya.  (4).  22. 310. 


Pierre  it  Puchot.     A.  C. 

Phys.  [4).  22. 310. 

Pierre  &  Puchot.     A.  C. 

Phya.  (4).  22. 310. 

iCahoura.     J.  F.  P.  22. 172. 

'Balard.      A.  C.  Phya.  (3). 

12.  300. 
'fKopp.    18. 
'  (  Kopp.    18. 
s  Pierre.    15. 
sWurte.    16.516. 
'Pelouise&Cahouis.  16.524. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula.  '   Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Amy!  chloride. 

C,H.,.C1. 

,9013.0."  -) 

.S334.  20.=  [ 
.868,40.°  ) 

'       «                   u 

io6°6. 

'      n                 i( 

739-8  m,  m. 

.. 

8750.  20° 

IOI.» 

5      „ 

.8777.  ^o." 

roi.° 

»Hexyl 

C,H„.C1. 

.892,  16." 

I25''-I28.° 

'     i<             "            Beta. 

.892,  23.' 
.8943.14-°") 

lao^-iso." 
i25°-i30.= 

"     "             "                 " 

.8874,..." 
■8759.  34-°  ) 

122." 

"Heptyl       " 

C,  II„.  CI. 

.9983,  15." 
.8^,  20.° 

175.° 

148°-!  52.° 

I     I             I           ^S 

{  : 

.8737,  i8?5.l 
.872s.  20.°  I 
.8814,16=5.  ■) 

iji'-iSS-" 

j^      "                 "        Elhi-lamyl 

1: 

.8780,  1895.  [ 
-8757,  22.°   J 

146°- 148.° 

"                 "      {  petrciltiQm 

.8963,  19.° 

149.° 

^^      11                 1 

.891.  19.° 

I50'-IS2.° 

"  Octyl 

CJI„.C1, 

17;.= 

>"     « 

.892.  18.° 

I70°-172.'' 

-     I             I               i.o. 

.895,  16.° 

.8802,  16.° 
.8834,  io?5.) 
.8617,  36-°  i 

i68°-i72.'' 
i63°-i67,'' 
1 79=5-1 80?  5. 

165.= 

^Nonyl 

C,H,„.C1. 

.899.  16.° 

196.= 

™Dccyl 

C,oH,.Cl 

200''-204.° 

"Dodecatyl" 

C,,H„.C1 

.933.  22." 

242'>-245.'' 

■"Myristyl    - 

ChH^CI 

280.° 

"Cetyl 

C„H„.C! 

.8412,  I2.° 

289."  p.  d. 

AUTHORITIES. 


1 

Lieben  A  Rossi.    A.  C.  P.  ■»  Petersen.    14.613. 

"'Bonis.    7.582. 

159. 70.               [159. 70. ,  »  Pelouze  &  Cahours.  15. 386. 

==  Schorlemmer.    15,386, 

» 

Lieben& Rossi.    A.C.P.," 

Schorlenimer, 

A.  C.  P. 

^spelouze&Cahours.  1G.528. 

Lieben&Eosai.    A.C.P.  | 

136.  257. 

«Wurtz.    16.510. 

159.  70.                             :  15 

Schorlemmer. 

A,  C.  P, 

'SZincke,    A.  C,  P.  152,  5. 

VSchorlemmer.    10.527.     j 
s  i  PiDducls  from  two  Bourcea.     " 

136.  257. 

[136,  257. 

^  1  Schorlemmer.    20. 567. 

A.  C.  P, 

•Pelouze&Cahfuirs.  16.525.    n 

A.  C.  P. 

28  Pelouze&  Cahours.  16.529. 

'  Wanklyn  and  Erlenmeyer.  j 

13<i,257. 

[133.  257. 

"•PelonzeACahoura.  16,630. 

17. 509.                                    18 

Schorlemmer. 

A,  C,  P, 

"Wurtz.    16,510, 

"Geibel&Buff.    21..H3e.       1 1» 

Schorlemmer. 

A.  C.  P. 

'I  Pelouze&  Cahours.  16.530. 

136.237, 

"  Pelouze&Calioiira,  16,530. 

10 

■^  Schorlemmer,    20,567,      »£ 

s^Tuttescheff.    13  406. 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


2d.   CHLORIDES  OP  THE  ETHYLENE  SERIES. 

Name. 

Formula. 

Specific  Grav 

ty. 

Boiling 
Point. 

Melting 

Point. 

'  Methylene  chloride. 

C  H,.  CI,. 

1,360,0.= 

4o°-42.° 
39?5-40°S- 

'Ethylene          " 

C,  H,.  CI, 

(,256,  12.° 
1.247,  18° 

82"5, 
86.° 
82?4. 

1  85=8. 

1,28034,0.° 

84=92- 

(,2562,20.° 

85,° 
85,= 

"        «                  « 

1,26,  14,° 

85,= 

"  Propylene 

C^H^.d,. 

,.,s,. 

100^-103." 
104.° 

"Butylene          « 

C,  Hj.  CI,. 

1.EI2,   18.° 
1.0953,0.=      1 
1.0751,  20??.)" 

123.° 

122?3. 

"Amylene          « 

C5H,,.C1,. 

1.058,  9.' 

141°-!  47-° 

1.2219,0.= 

145,= 

"Heptylene        « 

C,H,,,C1,. 

1.0295,  io-° 

191,= 

[Isomera  of  some   of  the 

above  coriipouniis  may  be 

tbund  in  the  next  table.] 

ad.  SUBSTITUTION 

n-pHTVATTVRR  OF  THTl  TWO  PREGRDrNQ 

SERIES. 

Name. 

Fo^ula. 

Specific  Grav 

ty- 

Boiling 
Point. 

Melting 
Point. 

"'Chlorinated  methyl 

chloride. 

C  H,  Clj. 

1.344,  18.= 

30=5. 

"  Chloroform. 

C  H  Clj. 

70,= 

«          « 

« 

1.48,  18.= 

6o?8. 

"          « 

« 

1.491,  17.° 

61.= 

ArXHORITIES. 

iPerkin.    23.343. 

"Haageii.    33. 

'"Limpricht.     A.  C.  P.  103. 

"Butlerow,    22.343. 

'"Maumeng.    22.346. 

81, 

'Eegnault.    A.  C.  Pliys.  (2). 

"  Eeynolda.    3.  495, 

1'  Husemanii,    26, 

58.307. 

"Cahours.    3.49G. 

i«Itegnault.     A.C.Phys,[2). 

*Duma3.     A.  C.  Phya.  (2). 

"Kolbe.    2,338. 

71,378. 

48, 193. 

"fKopp,    18. 

'Liebig.    A.  C.  P.  214. 

"  I  Kopp,    18, 

(2).  43. 139. 

'Despretz. 

i«GutIme,    14,665. 

!«  Liebig.    A.  C.P.I.  199. 

'Pierre.    15. 

"Bauer.    19.531. 

^  Eegnault.    A,  C.  Phys.  (2). 

«Geuther.    15.421. 

7 

.3S1. 
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SPECIFIC  GRAVITY  TABLES. 


„.„. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Cliloroform. 

C  H  CI3. 

1.493-1497- 
141 3-          \    TVo 
1.496,  I2.°|p-iu=t.. 

1.500.  IS?;. 

" 

1.52523,  0.° 

63?5. 

149. 

1.472,  i6'?S- 

1.507,  I?." 

'"Chlorinated  ethyl  chlo- 

ride. 

C,  H.  C),. 

t.174.  17.° 

64.° 
58. 

1.24074,0.° 
1. 1 89,  4?3- 

1.198.  eTs." 

64°8. 
59°-6i-° 

62.° 

''Dichlorinated  « 

C,  Hj  CI,. 

1.372,  16.° 

1.34651, 0." 

75-° 
74^9- 
74°5- 

"Chlorinated  ethylene 

chloride. 

c,H,a,. 

1.422, 17." 
1.42234, 0." 

115,° 

1 14?2. 

"Trichlorinated  ethyl 

chloride 

0,  H,  CI.. 

1.530, 17.° 

102." 

"Bichlorinated  ethylene 

chloride 

C,  H,  CI,. 

1.576,  19- 
1.61158.0." 
1.614,  0." 

135-° 
138?6. 

147.° 

[Compare  the  above  witli 

acetylene  tetrachloride.] 

=^Pentachloro  dimethyl. 

C,  H  01,. 

..663, 0.' 

iSS-" 

'^             B                        rr 

1.644. 

1.66267.0." 

146." 
153^8. 

"«    :      : 

1.69!  13.4 

158." 

AUTHORITIES. 


'Swan.    1.681. 

"  Wurtz.    C.  R.  45. 1015. 

^Regnanlt.    A.C.Phva.  (2). 

"Pierre.    15. 

71.  366.                    [69. 162. 

\      408.                            [408. 

HQenther.    11.2fi9. 

''Regnault.    A.C.Phya.  (2) 

'  I  Soubeiraa  A  Mialhe.     3. 

"Darling.    21.329. 

"5  Pierre.    15. 

'Gregory.    3. 454. 

I'Sfaedel,    Z.  P.  C.  14. 197, 

Tafemo&Piaah.      J.  F.  P. 

SKeire.    15. 

"R<gnault,    A.O,Phy3.C2). 

(2).  4. 175. 

*Schiif,    A.  C.  P.  107. 63. 

71.364. 

s^Regnault.      Sec    Pateriio, 

'Fliickiger. 

"Pierre.    15. 

belom.                     [71,36S. 

sGeuther. 

I'SfaetJel,    Z,  F.  0.  14. 197. 

«  Eegnault.    A.  C.  Plivs.  (2). 

'Fluckiger.        Zeit    Anal. 

"Regnault.    A.C.  Phys.  (2). 

"Rerre,    15. 

Chem.  5.302.          [71.357. 

69. 153. 

sf/Paterno,   Z,  F,  C.  12. 245. 
=»!.Paterno.    Z.F.C.  12,245. 

■fRegnault.    A.C.Phya.  (2). 

"'Pierre.    15. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Dicaibon  hexachloride. 

C,  Cl„. 

i,6ig. 

.22.= 

182"- 183^ 

'Dichloriiiated  ethylene. 

C,  H,  CI,. 

1.250,  15.° 

35^-40." 

•Chlorinated  ptopylene. 

C,H,01. 

.918,  9.° 
-9307.  0.° 
.931,0.° 

30,° 
23." 
25-5. 

[Compare  with  allyl  chlo- 

ride-] 

*  Iso  trichloro  ptopylene. 

C^H^CV 

1-387.  '4-° 

IIS," 

[Compare  with  chloro  di- 

ehSoi^ycide. 

'Chlorinated  propylene 

chloride. 

C3  H5  CI,, 

'■347- 

170,° 

[Compare  with  allyl  trichlo- 

ride.] 

•"Dichlorinated  propylene 

chloride. 

C,  H.  01,. 

r,54S. 

igS'-Joo." 

[Compare  with  tetrachloro- 

glydde,  and  diclilorace- 

tone  chloride.] 

"  Trichlorinated      propy- 

lene chloride. 

Cj  H,  CI;. 

i^o-'-^^S-" 

[Compare  with  trichloraoe- 

tone  chloride.] 

"Tetrachlorinftted  propy- 

lene chloride. 

C,  H,  CI,, 

1.626. 

240°-245.° 

"  Pentachlorinated  propy- 

lene chloride. 

C,  11  CI,. 

1-73'- 

260," 

"Hexchlorinat«d   propy- 

lene chloride. 

C,  Cla. 

1.860, 

280.° 

'^Chlorinated  amyl  chlo- 

ride. 

C,  H„  CI,, 

1.05,  24-° 
1.194,  0." 

a,  130.° 
155^-160,= 

[Compare    with    amylene 

chloride,] 

"  Dichlorinated    amyl 

chloride. 

C,  H,  CI,. 

160=^190,= 

AUTHORITIES. 


'Regnault.    A,  C.Phya,  (5). 

I'CahouTS.    3.496. 

71,  374. 

"Oppenheira.    19,521. 

"Cahours,    3. 496. 

'Hubner&Miiller,    Z,F,C, 

'Oppenheim,    21,339, 

I'Cahours,    3.496. 

13,  328, 

'Borache&Fitt^.    18.313. 

"Ebersbach.    11,297 

'Regnault.   A.C.Phys.  (2). 

«Cahours.     3.496. 

"Buff.    21.333. 

ffl),  155. 

"Cahours.    3,496, 

"Bauer.    19.531. 

*Friedel,    12,338. 

ncahours,    3,496. 
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SPECIFIC  GliAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Point. 

Point. 

'  Dichloriiiated  amyl 

chloride. 

C,  IT,  CI3. 

1-33.  i3-° 

185°-!  90.° 

'Chlorinated  amylene. 

C,H,ri. 

.999^,  o-" 

90^5-° 

'Dichlormated  amylene 

chloride. 

C,H,C1, 

2.4392- 

=20^-230." 

<  Chlorinated  hexyl  chlo- 

ride. 

C,II„C1,. 

1.087,  20.° 

[Compare  with  liexj-lene 

chloride.] 

^Dichlorinated  hexyl 

chloride. 

C5  H„  CI3 

1.193.21." 

BES^-aig." 

•Pentachlorinated  hexyl 

chloride. 

C,H,CV 

..59S,  20.= 

28  f -290.° 

'  Chlorinated  heptyl  chlo- 

ride. 

C,Hi,CI;. 

190." 

^Chlorinated  heptylene. 

C,  11,3  CI- 

155.° 

•Chlorinated  diamyleiie 

chloride. 

C,„H„CI, 

1.1638,0." 

24O''-250.° 

4tli.  DERIVATIVES  OF  THE  BENZOL  SERIES,  INCLUDING 
ISOMERS. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Mehing 
Point. 

"  Mono  chloro  benzol,  or) 

C,  II,  CI. 

137-° 

"  Phenyl  chloride.           j 

" 

1.1499.  o-°   T 
1.I347,  lo-" 
1.1258,20.° 

1.1199,0." 
,.1085,  10.= 
1.099,  20.° 
1.092,30." 

136.° 
133=5. 

'36." 

76;  m.  m. 

...           1     . 

1.118. 

ArTHORITIES. 


'Buff.     21.334. 

SLiinpricht.     A,  C.  P.  103. 

n/Sokoloff.    1R.517. 
>^\     From  benzol. 

83, 

•Bauer.    20.5S3. 

»    Sokoloff.    18  517. 

■"Riche,    A.  C.  P.  121.357. 

"    Sokoloff.    18,517. 

"  ScTugliam.    C.  S.  J.  7. 239- 

"fSoioloif.    18.517. 

'Schorlemmer.    C.  8.  J.  16. 

u\Sokoloff.    13.517. 

"JUTigaeisch.    19.551. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Poim. 

Melting 
Point. 

'  Mono  chloro  benzol. 

C,  H,  CI 

1.1-7.-40.°) 
.980.   I33°i 

'        «           <i 

'        «           « 

II 

1.1293.  o-" 

138.0 

—40." 

'  Di chloro  benzol. 

0,H,C1,. 

1.459- 

1-250.  53-°  \ 
1-1^3-  I7i.°i 
i.45!ii.20%i 

I                       s. 

„ 

1.24".  63." 

171.° 

S3- 

9 

« 

1.2062,93.=    1 

« 

1,1366,  i66.°J 

"  Trichloro  benzol. 

C,H,C1,. 

1-457,  7° 
'-575. 

1.457,  17-°  > 
1.227,206.'; 

" 

« 

'^                  "                             s. 

1.574,  10.= 

'«               .1                       1. 

I 

1.4658.  10." 
1.4460,  26.° 
1.4111,  56-° 
1.2427.  196-° 

206.° 

17.° 

™  Tetrachloro  benzol. 

Ce  Ha  a,. 

1.74S. 

1.448,  i39-°l 
i,3[S,  240.=] 

" 

'^               «                      s. 

« 

1.7344.  10.°  1 

1.4339.  '49-" 

■'^ 

« 

1.3958.  179-°  1 

240.° 

139-" 

■«i               „ 

1.3381,  230.°J 

"  Pentacliloro  benzol. 

C,  H  C!,. 

1.625,74."  I 
1.370.  270.") 

270." 

"     : 

1,8422,10.=  -] 
1.8342,  16-5. 

', 

1.6091,84." 
1.5732,  114.° 

272.° 

74-° 

" 

1.3824,  261.= 

1 

AUTHORITIES. 


'  f  Jungflei^ih  20  M 
'IJungfleiach  _U  id 
'JungfieiBch  21  343 
'Jnngfleiach     19  551 
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'  f  Jungfteiach  21  347 
'  I  Jnngfleisch     21  347 

•  1  Junglleisch  21  347 
">  Ijungflei&di  21  34- 
"Mitscherlicli    P  A  35  372. 


"Jnngfleisch.  19, 551. 
•*  I  Jungfleisch.  20.36. 
"  I  Jungfleiscli.  20.  36. 
'*  f  Jnngfleisch.  21.350. 
"  Jnngfleisch.  21. 350. 
"  Jnngfleisch.  21.350. 
'8  Jungfleisch.  21. 350. 
"  [jnngfleisch.  21. 350. 
"  Jungfl^ch.  10. 551. 
"  f  JungfleiTOh.  20,  36. 
"  I  Jungfleisch.    20. 36. 


21  352. 


"  f  .Tungflei''eh 
"  (  Jungfleisch 

'S  i  Jnngfleisch  21  3.13. 

«  I  Jnngfleisch  21  352. 

"  /  Jungfleisch  20  -A 

**1  Jungfleisch  211  36 

»»  f  Jungfleiscli  21  35.'!. 

"    Jungfleisch  21  353. 

"  I  Jungfleisch  21  353 

^  I  Jungfleisch  21  S-^S. 

^Uuiigfleibih  J  353. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

M  el  ting 
Point. 

'  Pentachloro benzol.  Two 

|C,HC1,, 

85.° 

2                     „        modiflcations. 

198=-!  99-° 

=  Ilexchloro  benzol. 

Ce  C\- 

1.5S5,  zaS.-t 
1.437,317-°) 

231.^5.226? 

"                 (( 

(.569,236.°  -\ 

' 

1,5191,  266.°  V 

326.° 

226.° 

«                          B 

1.4624,  306.°) 

"  Monochlorotolnol. 

C,  H,  CI. 

1.080,  14,° 

1 7  5"- '76.° 

164. 

157°-15S.- 

'-  Benzyl  chloride. 

« 

1,1131-1.1179- 

'"       tt            <i 

1.107,  14.° 

183-° 

"  Diiililorotoluol. 

C,  H^  CI, 

1.245,  i^-" 

1.236,  13-° 
1.2557.  H-" 

206.= 

206.» 

207. 

'*  Diehlorinated      benzyl 

i35''-i45.= 
240°  p,  d. 

chloride. 

C,  H,  CI, 

1.44,0.° 

760  m.  m. 

»>  Chlorinated       dichlor- 

toluol. 

161,  13.° 

2l6'-2l8.'' 

"  Benzo  trichloride. 

1,380,  14.° 

224.° 

"  Tetrachlorotoluol. 

0,  H,  CI,. 

270.° 

92'-95.'' 

!3                      „ 

1,495.  14-° 

235," 

» Dichlorotoluol    dichlo- 

ride. 

B 

1.518,22," 

257.° 

»Trichlortoluol  chloride. 

" 

1-547.  23-° 

273.° 

"Dichlorinated     chloro- 

henzol. 

1-74.  n-" 

244''-246.''\ 
246=-248.°j 

"                   u 

« 

1.76,  13.° 

■='  Chlorosalylic  trichloride 

1,5'.  1- 

260.° 

30-° 

"  Pentachlorotoluol. 

C,  H,  CI,, 

- 

300,=                  |2,5.- 

ATJTirORITIES. 


•JJmigfleigch.    20,  S9. 

5  I  Jungfleisch.  M.36, 
*  ( Jnngfleiach.  21. 35*. 
'  ■!  Jungfleiseh.    21,354. 

6  I  Jtingfleiaoli.    21, 354. 

•Cannizzaro,  8.621. 
tiLimpricht,  19.591. 
"Beilateiit&Gwtner.    A.C. 

r.  139.  334. 


Cannizzaro  8  621. 
1  Limpncht  19  592. 
M  ahouro  1  711 
sWicke  A  C  P  102. 3f 
«BeiUtein  15  412. 
'  Limpncht  19  593. 
*  fNaquet  15  419. 
»1  Naqnet  15  419. 
«  Limpncht  18  639. 
1  Limpricht  19  594. 
^  Beilstdn  &.  Kuhlbei^. 

F.  C.  11. 276. 


"5  Beilstein  &  Kuhlberg,    21. 

361, 
«J Limpricht,  A.C.P.134,58. 
"(    Two  specimens. 
s8Kolbe&  Lautemann.     A, 

C,  P.  115. 196. 
s*  Beilat«in  &  Kulilbcrg.     Z. 

F.  C.11.276. 
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SPECIFIC  GBAVITr  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Dichlortoluol  trichloride. 

C,  H,  CI5. 

I.  587,21.° 

273.° 

"  Ti'ii;hlortotuol  diohloride. 

1.607.  22." 

28o'-28l.° 

a.  O." 

'Tetrachlortoluol  chloride. 

1.634.  25.° 

z^&'-ion.'- 

*               1           di  chloride. 

C,  H,  CI,. 

1.704.  25-" 

3o5°-3o6.° 

'  Monochlorosyiol. 

Ca  H,  CI. 

193-° 

'  Dichlorosylol. 

c,H,a, 

24o''-245.'' 

100.= 

"  Trichloi-oxylol. 

C,  H,  CI,. 

254''-256-° 

5tli.  MISCELLANEOUS. 


Name. 

Formula. 

Specific  Gravity 

Boihiig 
Point. 

Melting 
Point. 

■"Allyl  chloride. 

Cj   II;    01. 

.934.  0.° 
■9547.  0-° 

44''-4;-° 
45-5-47-'' 

[Compare  with  chlorinated 

propylene.] 

"Allyltrichloride. 

C,  Hi  Ctj- 

1.41,0.° 

154"- 157-° 

"Allylene  chloride. 

C,  H,  CI,. 

1.170,  24?S. 

84=4. 

"  Acetylene  tetrachloride. 

C,  H,  CI.. 

,.6,4,  o.-       1 

(47.° 

"  Methyl  chloracetol. 

c,  H,  a,. 

1.06,  'i6.» 

69.° 

[Comjiare  with   propylene 

chloride.] 

'"  Epidichlorhydrin. 

Cj  II.  CI,. 

120.- 

"  Tetrachloroglycide. 

C3 II.  CI,, 

1.496,  17.° 

164.' 

[Compare  with  dichlorinated 

propylene  ciiloridc] 

AUTHORITIES. 


'  Beilstein  &  Kuhlbeig.     Z. 

F.  C.  21.  363. 
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F.  C.  21. 363. 
*Beilstein  &,  Kuhlbei^,     Z. 

F.C.  21.362. 
^Beilstein  ft  Kuhlbei^.     Z. 

F.  C.  21. 364. 
s  VoUrath.    Watts'  Diet. 
=  Lauth4Gtimaui.  A.C.P. 

145. 115. 


'  Lauth  AGrimaux.  A.C.P. 

146. 115. 
*Hollemann.  18.557. 
*  Hollemann.  18,  557. 
"Oppenheim.  19,531. 
'Tollens.  A,  C.  P,  156. 155. 
'Oppenheim,  17.491. 
'  Hubner  and  Geuther.    13. 

305. 
Patemo  &  Pisali.  Z.F.C. 


1     14. 


rPatomocfePiaal!.   Z.F.C. 

J      14. 385. 

I  PatoTio&Pisali.   Z.F.C. 


'  Berthelot  &,  De  Luca. 
CPhys.  (3).  52.438, 
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SPECIFIC  GRAVITY  TABLES. 


■■ 

Boiling      Melting 

^         , 

Gravity. 

Point. 

Point. 

'  Chloro  dichloroglycidc. 

C,  H,  Ci,. 

1.414.  20° 

142.° 

[Compare  with  isotrichloro- 

propylene.] 

(?) 

C,  H,  CI,. 

1.55. 

.85.= 

'Cblorostyrol.    Beta. 

C,  H,  CI. 

2.1,2,22=3. 

'99°-2o4-° 

—6." 

*  Chloroanethol. 

C,„  H„  Olj. 

1. 1154,0-° 

257.° 

^  Cbloroiiiceue. 

\  Hj  CI. 

I.I41. 10.° 

292''-294.= 

«  Naphtyl  chloride. 

0„  H,  C!. 

1.2052,  6°z. 
I.20ZS,  6?4. 

a.  260.° 

'Caniphryl     << 

C,  H„  CI. 

1.038,  14.° 

205." 

'Gerftniol       " 

C,oH„01. 

1.020,  20." 

'"  Caoutoliiii  hydrochloratc. 

C,o  H„  CI. 

1-433- 

"  Deriv.  of  oil  of  Finns  pu- 

milio. 

Cjo  H„  CI. 

.982,  17.= 

"Deriv.  of  oil  of  Muscat 

C,„  H„  CI. 

9827,  15.° 

194.° 

"Deriv.  of  Bergamot  oil. 

0(O,„H„y2HC!.H,O 

896. 

- 

XLV.  Compounds  Containing  C.  H.  0.  CI.  and  C.  0.  CI. 
lat.  SUBSTITUTION  OOMPOUITOS. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Meliing 
Point. 

"  Dichloriiiat«d  methyl  oxide 
"  Tetrachlorinated    "         « 

C5  H,  CI.,  0. 
C,  H,  CI,  0. 

1-315.  20.° 
1.606,  20.° 

■a.  130.= 

"  Hexchlorinated     «        " 

0,  CI,  0. 

1.594. 

a.  loo." 

"  Diohloriiiated  ethyl       « 

C,  H,  CI,  0. 

1.174,  23- 

140^-147  ■" 

"Tetrachlorinated  -         «    . 

C,  H,  Ci.  0. 

1.5008. 

"  Perchlorinated       «        « 

0,  Cli,  0. 

1.9.  >4°5- 

300.°  d. 

69.' 
69.' 

=' Pentjichlorinated  "        " 

C,  Ha  CI5  0 

1.645. 

,"  Monoehloracetic  acid. 

C,  H,  CI  0, 

1.366,73-° 

i85°-i87°5. 

s.  62.= 

^ 

1.. -5947,  73-° 
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SFECIFia  GRAVITY  TABLES. 


'  Dichloracetic  acid. 
'  Trichloracetic    « 


1.    CjH,Cl,0, 
aHCLO,. 


*  Chlotopropionic  acid. 
'  Chlorocarbonic  ether. 
"  Tetracblorinated  methyl 
formate. 
'  Dichlorinated  ethyl  « 
'  Hexchlorinated  «  « 
"  Dichlorinated  methyl  ace- 

'"  HcxphloriKat«d    «        « 
"  Dichlorinated  ethyl     « 

"  Trichlorinated       "       i< 

"  Tetrachlorinated  ic  « 

"  Hexchlorinated     ■  « 

"  Heptachlorinated  «  n 

"  Perchlorinated      «  « 

"  Chloropropionic  ether. 
"  Ohlorobutyrio        « 
"  Ctiloroenantbie      " 
"  Monochloracetone. 


C3  H5  01  Oj. 

CaHjCIO,. 

C,  C],  0,. 
CjH,CIjO, 

CjCljO,. 

C,  CI,  Oj. 
C^HjCljO,. 

C4H.CljO,. 
CjHjCljOj. 
C.  H  CI,  0,. 
C,  OI3  O,. 

CsHsCljOj. 


[.5216,  IS." 
.617,  46.° 


1.724,  12.° 
i.26r.  16-° 
1.705.  i8,° 


..367. 
-35.  20.' 
.485,  25.= 
.698,  23?5. 
.692,  24^5. 
■79.  25-° 

.78,  22." 

■2493.  o." 
■063,  i7?5. 
.29.2,  i6?5. 
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"PorschcrA  Geuther,      17. 

316. 
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»  Klimenko.  Z.  P.  C.  13.654. 

"  MarkownikofF.     A.  C.  P. 
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'^  Linnemann.    18. 312. 

"Malaguli.    A.  CPhys.(2). 
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•"  Cloiz.    A.  C.  Phys.  (3).  17. 

10.  213. 
I'Mblanc. 
"Lfblanc. 

10.  202. 

[10.208. 
A.  C.  Phya.  (3). 
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SPECIFIC  GBAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Point. 

Meltlns 
Point. 

'  FentacMoracetone. 

C,  H  CI;  0. 

1.^1.7. 

a.  190.' 

'  Hexchloracetone. 

Cj  Cle  0. 

1.7S.  lo-" 
1.744,  12." 

20O°-2Ol.'' 

204.° 

.*  Monochloracetal. 

C.H.,C10,. 

1.0195. 

iSo'-ifo." 

"  DicWoracetal. 

C,H,iCl,Oj. 

1.1383.  '4-° 

a.  180." 

• 

Cj  H„  CI  0,. 

1.056.  I3^5. 

a.  137.' 

'  Deriv.  of  chlorinated  ether 

Cj  H„  CI  0. 

.9842,  0.= 

Ii7°-il8. 

s      «       «              n              « 

Cs  H„  CI  0. 

■9735.  0-° 

'37-° 

C,  H,  01  0. 

1.23- 

"  Perchloraldehyde. 

C,  Oil  0. 

1.603.  is.° 

lis." 

"  Chloroxethose. 

C.CI,0, 

..654,  21.- 

210." 

"  Parachloralide. 

C,H,CI,0,. 

1-5765,  14-" 

182." 

"  Chloral. 

C,  H  Clj  0. 

1.502,  18.° 

94-° 

"        " 

..5.83,0=    1 

1.4903,  2Z92. J 

98?  1-99.= 

"  Chloral  hydrate. 

145.° 
145-° 
115.= 

S6-° 
50.° 
s.  40^2. 

"        [1       methylate. 

98.= 

™        «       ethylate. 

1.143,40.°    1. 

n5°-ii6.» 

s.  40.° 

"        B      amylate. 

1.234,  25." 

143-° 

24.° 

"  Chlorolactic  ether. 

Cs  H,  CI  0,. 

1.097,  0.° 

144.° 

'^  Chloromftleic    « 

Cj  H„  CI  0.. 

1.15,   11." 

sso^-ieo.' 

"  Chloroniceic     « 

Cb  h,  a  0,. 

.981.   .0.= 

230.= 

"           a            add. 

C,  Hi  Cl  0,. 

1.29,  melted. 

215.° 

150.' 

"  Deriv.  of  benzoic  ether. 

C.,H,,CI,0,. 

1.346,  1098. 

i88°-i90.° 

^  Tetra«hlor.    ethyl    cam- 

phorate. 

C„H™CI^O,. 

1.386,  14.° 

=*  Deriv,  of  oleic  acid. 

C„H,,C1,0,. 

1.083,  7'^9- 

Begins,  190.° 

^         «       Bodiuni  citrate. 

c,ci,„o. 

1.66. 

190.° 

"         «        dichlortoluol. 

C„  H„  CI  0. 

1.121,  14.= 

215'-220.° 

1  Monochlor  methyl  pheno 

C,  H,  Cl  0. 

1.182,9.= 

200." 

''  Monochlor  ethyl  phenol. 

C,  H,  Cl  0. 

1.106,  9.° 

210.° 

AUTHORITIES. 


iStadeler.    6.398. 

"aoez.    12.434. 

"St.  Bvre.    1.630. 

"Liebig.    A.  C.  P.  1.195. 

^St.  Bvre.    1.529. 

"Cloez.    14.369. 

ii/Kopp.    13. 
"iKopp.    18. 

»Malaguti.    A.  C.  Phys.  (2). 

*Liebeii.    10,437. 

SLieben.    10.436. 

"Roussin.     Z.  P.  C.  13.96. 

"Malaguti.    A.C.Pliya.  (2). 
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16.9. 
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"Malaguti.    A.C.Phya.{3). 
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SPECIFIC  GRAVITY  TABLES. 


'  Chloracet yl  chloride. 

'  Chlorhutyryl       « 

'  Methyl  chlorphenetol. 


Cj  II,  Olj  0. 
C,  H,  CI,  0. 


495.  o- 
57,  17-° 
27,  19°5. 


2d.   OHLORHYDRINS. 


I-OI  T.K.U>.H,D.„,   a™ 

CpiDICill/JRHYCEIK,    Sl^It   COMPOUK 

M  OP  C.  H.   A 

•SD  CI. 

n™.. 

Formula. 

Specific 
Gravity. 

Point. 

Melting 
Point. 

'  M  on  o-chlorhy  drill. 

C,  H,  CI  0,. 

1.31- 

227.° 

*  Di-chlorhydrin. 

C,  H,  CI,  0. 

1.37- 

1.3699,9.° 
1-355.  '7^5- 

lSo.° 

[75°- 180.= 
180^-1 83.° 

"  Epi-chloihydnn. 

C,  H,  CI  0. 

1.204,0.° 
1.194,  11." 

ii8°-i.9.° 

"  Amyl-chlorhydrin. 

Cg  Hn   CI  Oy 

1.00,  20.° 

235-° 

"  Diethyl-chlorhydnn. 

0,  H^  CI  0,. 

1.03.  lo^S- 
1.005,  17° 

184.° 

"Diethylglycolchlorhydrin 

c.„H„ao.. 

i.ii,  17.° 

285,° 

"Propyl       «             " 

C,  H,  CI  0. 

1.1302,  o." 
1.247. 

127.° 

126°-128.° 

^'Propyl  phycite  trichlor- 

hydriu. 

C,  H^  CI,  0. 

1.4324,  14.° 

f72''-i73.'' 

"  Heptylene  clilorhydrin. 

0,  H„  CI  0. 

1.014.0.°  ) 
i,<x>i,  14.°  f 

2o6''-2o8.° 

"  Octylene 

Cj  II„  CI  0. 

1.003,  o.°1 
.9S7,  31-°/ 

"        «     aceto  chlorhydrin. 

c,„H.,ao,. 

1.026,  0.°  1 
1.011,18.=; 

0 

"        «          "              « 

^ 

"  Aceto  dichlorhydrin. 

Cs  H,  CI,  0,. 

1.283,  "■" 

2O2°-203.'' 

>Wnrta.    10.346. 
*JJarkownikofF.     A.  0.  P. 

X53. 2*1. 
'fWroblevsky.    Z,F.C,13.  I 
164.  I 

*]Wr(,ble¥sky.    Z.F.C.13.  : 

I     IM.  I 

SBerthelot.    6.456. 
•Berthelot.    7.449.  ' 

'Eeboul.    13.45S. 
'  L.  Henry.     A.  C.  P.  155. 


AUTHOEITIES. 

» Geyerfeldt.  Z.  P.  C.  13. 672. 

»Damistaedter.    21.454. 

"Reboul.    IS.  456. 

1=  Eeboul.    13.464. 

i^Alsberg.    17.496. 

."  Reboiil  &  Lonrenjo.      14. 

674. 
'^  Roboul  &  Lourengo.     14. 

675. 
"  Oeser.     13. 448. 
"Oppeiiheim.    21.340. 
"Wollf.    Z.F.C.  12.465. 


f  De  Clermont.  Z.  F,  C. 

I      13.411.  [13.411. 

i  De  Clermont.  Z.  P.  C. 

fDe  Clermont.  Z.  F.  C. 

j  De  Clermont.  Z.  F,  C. 

t     13. 411. 

(■De  Clermont.  Z,  F.  C. 
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SPECIFIC  GRAVITY  TABLES. 


=^==^=== 

___ : : 

Boiling 

Melting 

Name. 

Formula. 

Specific  Gravity. 

Point. 

'  Butyro  dichlorhjdrin. 

C,H,,C1,0,. 

1. 194,  n.° 

226''-327.'' 

'  Va,lero 

CsH,,CI,0,. 

1.149,  "■° 

245-° 

'  Diaccto           " 

C,  IIii  CI  0.. 

1.243.4-° 

245-° 

*Benzo             " 

,.44.,  s,° 

3d.  MISOELLAMBOUS  COMPOUNDS. 

Boiling       Melt  ins 

Name. 

Formula. 

Specific  Gravity. 

Point. 

Point. 

"  Ethylidene  oxychloride. 

C.  H,  01,  0. 

1.1376.  I2.= 

1  [6^-117.° 

'Glycol  chloracctin. 

C,  H,  CI  Or 

1.1783.  0.° 

145-° 

'      B       cWorbutyriu. 

Cj  H„  CI  0,. 

i.oSS4,  0° 

a.  190.° 

'Acetyl  chloride. 

C,  lis  01  0. 

1. 125,  ii.° 

55° 

'•          I                        B 

1.1305,0,"  1 
1.1072,  16."/ 

ss'-s^-" 

"  Propionyl  chloride. 

Cj  Hj  CI  0. 

a.  80.° 

"  Butyryl          « 

C,  H,  CI  0. 

a,  95.° 

"Valeryl 

C,  H,  01  0. 

i.ooj,  6.° 

11 5"- 120.= 

"Pelargonyl      <■ 

C  H„  a  0. 

220.° 

"■  AUyl  alcohol  chloride. 

C,H,C1,0. 

1-3799.0-°    I 
1.3681,  ii°S-j 

i8o'>-i84.= 

"  Succinyl               « 

C.  H,  CI,  0,. 

1-39- 

190." 

"  Pyrocitryl            " 

C,  H^  CI,  0,. 

1.40,  15° 

175-° 

"BeiiEoyl                " 

C,  11,  CI  0. 

..196. 

10             „                                      <| 

'95-° 

11        „                      .. 

1,250,  rj."           1  i95°-2oo.= 

23             "                                       B 

" 

1.2324,0.=  \ 
1.2142,  19-°] 

1 98^-1 98?3- 

^'  Toluyl                  " 

C,  H,  CI  0. 

1-175- 

2i4°-2i6.= 

■^  Cuniyl                  " 

C,„  H„  CI  0. 

1-07,  15." 

258''-26o.'' 

"•Cinnamyl             •■ 

C,  H,  CI  0. 

1.207,  1^-° 

262.° 

-Ani.yl 

C,H,0IO,. 

1.261,  15.° 

262.° 

AUTHORITIES. 

K.C.V. 

iTnichot.    13.603. 

"Gerhardt,    5.445. 

I'Wfihler&Liobi'! 

'Tmchft.    18.  503. 

WB^ehamp.    9,429. 

'  Trnohot.    18. 503. 

"Calioure.    3.402. 

»Mal^uti.    A.C.Pll.v?.(:^ 

'Tnichot.    18.501. 

16    ToUens.     A.  C.  P.  156. 

70.37fl, 

SLieben.    11.291. 

164. 

51  Cahours.     1. 532. 

» Simpson.    12.487. 
'Simpson.    12.489. 

"    Tollens.     A.  C,  P.  156. 
164. 

"(Kopp.    18. 
"iKopp.    18. 

'Gerhnrdt.    5.444. 

"Gerhardt&CTiioiza,    C.E. 

"Cahours.    11.265. 

»fKopp.    IS. 
"iKopp.    18. 

36. 1052. 
"GerhardtaiidChiozza.     6. 

isCahoiirs.    1,534. 
!«Cahovirs.    1.535. 

"B&hamp.    9.429. 

394. 

!.C    "                      " 

hours.    1.  ada 
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SPECIFIC  GRAVITY  TABLES. 


XLVI.  CoMPODKDS  CoxTAisiNG  0.  01.  N. ;  0.  H.  CI.  N.;  C.  CI. 
N.  0.;  AND  C.  H.  CI.  N.  O. 


Name. 

F„™.1.. 

Specific 
Gravity. 

Boiling 

Point. 

Melting 

Point. 

'  Chioraceto  nitrile. 

C,  CI,  N. 

1.444. 

81." 

'  Dichloro  ethyl  cyanide. 

C,  Hj  Clj  N. 

1.431,  15.° 

104' 

-107.' 

'  Chlorotoluidine. 

C,  Ha  CI  N. 

1.151,20.° 

241. 

=9''S- 

alpha. 

1.1855,  20.= 

238. 

beU. 

1.203,  19.° 

237° 

-242.° 

'  Parachlorotoluidine. 

C,  H,  CI  N. 

1. 175.  18-° 

236. 

» Ohioropjcrin. 

C  CI,  N  Oj. 

1.6657. 

'  Dinitromethylene  chloride 

C  CI,  N,  0^. 

1.685.  1 5-° 

100' 

+. 

'"  Dichloro  nitrophenoi. 

C.H,C1,N03. 

1.59. 

12l''-122.'' 

"  Dichloro-mono-nitrin, 

C,H,C],N03. 

1.465.  'o.' 

180° 

-190." 

"  Monocliloro-di-nitrin. 

CHjCINjOb. 

1.5112,9." 

"  Nitro-chloro-benzol.      a. 

CeH,ClNO,. 

1.380,  22,» 

242. 

83.° 

"      "         "            "            «■ 

I -a??.  0." 

245. 

s.  15.° 

'«      «         „            ,<            0. 

„ 

1.358,  o.» 

233. 

5.-5." 

"      «        «           «            /3. 

1.36S,  22.° 

^43- 

15.= 

'*Dinitro-chloro-ben2ol.  a. 

C^HjClN^O., 

1,697, 22." 

315- 

50-° 

'  '.      '.'."' 

1.686;,  i6?s. 
i.72,  18.° 

3'S- 

.'  43-° 

"  Nitro-diehloro-benzol. 

C,HjC],NO,. 

1.669,  22-° 

266. 

54:5. 

''  Nitro-trichloro-henaol. 

CjHjCUNO,. 

1.790,  22.° 

288. 

!  57.° 

"  Dhiitro-ciichloro-benzol, 

C,H,C1,N,0,. 

1.7103,  16.' 

312" 

p.d.  87.° 

"        «            « 

« 

101  "-104.° 

"  Dinitro-trichloro-benzol. 

C,HC1,N,0,. 

1.850,  25.° 

335' 

p.d.    io3"s. 

"  Niiro-tetrachloro-benzol. 

C.HC!,NO,. 

1-744.  25.° 

304" 

p.d.    99,= 

^  Nitro-pentachloro-benzol 

C,C],NO^ 

1.718,  25-° 

328= 

p.d.    146.° 

™.Nitro-chloro-foluol.       a. 

C,  H,  a  N  0,. 

1.307.  1 8.° 

243- 

-  .     .     .      f. 

" 

i.3259.  18." 

253- 

'  Dumas.    1. 593, 
'  Otto.    13. 400. 
'Wroblevsky.      Z.  F.  C.  12. 
322  &  544.      [F.C.  13.103. 

•  Beilsl«iii  &  Kuhlbei^.     Z. 
'Wroblevsky.     Z.  F.  C.  12. 

684.  [684. 

•Wroblevsky.     Z.  P.  C.  12. 
'  Henry  A;  Radsiszewaky.  Z. 

F.  C.  12. 542. 
'Stenbonse.    1.  540. 

*  Marignac.    Watts'  Diet. 


AUTHORITIES. 

'"Fischer.  A.O.  P.Tth.supp. 

135. 
"L.Henry.  A,  C.  P.  155. 168. 
■*L.  Henry.  A.  C.  P.  155. 108. 
"Jungfleisch.    21.343. 
"Sokoloff.    19.5,12. 
"6  Engelhardt  &  I-attscWnoff. 

Z.  F.C.  13.225. 
"Sokoloff.    19.553. 
"  Jungfleisch.    21. 345. 
1'  Jungfleisch.    21. 345. 
"  Junj-'fteisch.    21. 346. 


"•EngelliardtA  LatschiyiolT. 

Z.  F.  C.  13. 232. 
"Jungfleisch.    21.348. 
=' Jungfleisch,    21.351. 
=3  Jungfleisch.     21.348. 
"  Engelhardt  &  LatschinolT. 

Z.  F.C.  13.235. 
5*  Jungfleisch.    21.  353. 
^Jungfleisch.    21.353. 
"  Jungfleisch.    21. 354. 
»  Wroblevsky.  IZ.  F.  C.  12. 
™  Wroblevskj.  f     683. 
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Name. 

Formula. 

Specific 

Boiling    Melting 
Point.       Point. 

'  Nitro-dichloro-toluol. 

C,  H5  CI,  N  0,. 

1-455.  I?-" 

274.° 

^  Chlomzol. 

C.  Hs  Clj  N,  0.. 

'  Derivative  of  protein. 

C„H,,C1,N0,. 

1.360. 
1.628. 

"Eichloramyl  nitrite. 

CsH.CljNO^ 

90,°  d. 

"CinchoHia  hydrochiorate. 

C„H„N,0.HC1. 

1.234. 

XLVII.    Compounds  Containing  G.  H.  and  Br. 
1st.  BROMIDES  OF  THE  ETHYL  SBRIEa. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Methyl  bromide. 

C  H,  Br. 

1.66443-  "." 

13-° 

*  Ethyl 

C,  H5  Br. 

1.40. 
1.47329.  °° 

1.4600,  20.° 
1.4621,  g-" 
^4685,  13^5- 

4o'7. 
41." 
38^37. 

40?2. 

38'78. 

"Propyl         ■■ 

Ca  ir,  Br. 

1.353.  16.° 

1.388,0.° 
1-3497.  o-"     ) 
[,301,30:15, 
1,2589,  54:3. 
1,3577,  16,= 

70"  5- 
68''-72.° 

72.° 
70^82. 

'^     i<               ■<             iso. 

1,320,  13,= 

ed'-ey" 

"           B                                 «                                  11 

1,33,21,° 

1.348,   30." 

6o''-62.= 
6i°-63.° 

^  Bulyl           11 

C,  H,  Br. 

1,274. 16.° 

89.° 

™     «               « 

1-305. 0-°      ) 

1.2792,  20.''^- 

^'           il                                 B 

ioo?4. 

==     " 

1.2571.40-°; 

744  ".  -n. 

AUTHORITIES. 


Wroblevsky. 

Z.P.C.13.164 

Muhlhiiuaer. 

7.671. 

7.671. 

Muhlhfinaer. 

7.672. 

Gutlirie     11 

404, 

Hesse,    15.  ,^ 

1, 

Pierre.    15. 

Liiwig.    A.  C 

P.  3.  292. 

Pierre,    15. 

Brmnet. 

Regiiaiilt      16,  70. 

IJaagen.    32 

'Delin,    A.  C,  P.4tli,ai 


*  Linnemnnn,    A.  C.  P.  1( 


iRosai,    A,  C.  P,  159, -9, 
'  f  Pierre  &  Puehot.     A.  C. 

j      Pliya,  (4).  22.284. 
'  ]  Pierre  &  Pnchot.     A.  G, 
I      Pliys,  (41.22,284. 
li 


'"(Pierre  lit  Puchot     A,  C. 

I     Phys.  (4).  22.284. 
"Linnemann.A.CP.lSl.lO. 
'"  Liimeniann ,    18. 489. 
iSLintieniann.       (?)        [IS. 
«  T.innemaitn.    A.  C.  P.  161. 
»Wurtz.    7.572. 
»  [LiebenifeEossi.    A.C.  P, 

158. 137,  [1.58, 137, 

"    Lieben&Roasi.    A.C.P. 
"    Lieben  &  Rossi.    A.  C.  P. 

158. 137. 
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Melting 

., 

Gravity. 

Point. 

Point. 

'Butyl  bromide. 

C.  IT,  Br. 

1.2702,  (6." 

1.191, 4o';2.  \- 

92." 

go's- 

..1408,  73=5-  ) 

Tly>m.m. 

^Amyl        " 

0,  H„  Br. 

1.16576,0.° 
1.217,  '6.° 
1.2045,  20.° 

,.,,6,0..  -j 

1.2044,    40.°   ) 

Il8?7. 

ii8?8. 
128°7. 

"Octyl 

C,  H„  Br. 

1.116,     16." 

190," 

"Cetyl        " 

C,,  IIj,  Br. 

15.° 

2d.  BROMIDES   OF   THE   ETHYLENE   SERIES. 


Name. 

P„™.,.. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 

'*  Ethylene  bromide. 

Cj  H.  Br,. 

2.164.  21." 

1 29-5- 
130.° 

s,-i2-to-i5'? 

;:  ■     ■ 

2.16292,  2o?o9. 

132^6. 
130-° 
132^5. 

..0.. 

2-179- 

131^-132,'' 

:  :     : 

2.198,  IO.° 

131% 
131:6. 

s,  9:53. 

ethyl  bromide.] 

**  Tri  methylene  bromide. 

CsH^Br,. 

2.0177. 0." 

160"-!  63.° 

'"  Propylene              « 

C,  H,  Br,. 

1.7. 
1.974. 

143.° 
145.° 

^              U                                         II 

« 

143"-' 45-° 

!T 

" 

i4o=-i44-'' 

ADTHOBITIES. 


1  Chapman  &  Smith.  C.  8.  J. 

8 

Lieben & Kossi.    A.C. P. 

"Cahours.    3.402. 

22.153. 

159, 70.              [153. 70. 

-'    Pierre  &  Pnchot.     A.  C. 

B 

Liebenft  Rossi.    A.C.  P. 

I'Butlerow-    U.  C52. 

Phys.  (4).  22.311, 

ID 

Ueben&RoEsi.    A.C. P. 

■"Ilaagen.    32. 

»    Kerre&  Puchot.     A.  C. 

159.70.                    [130, 

"Begiiault.    16.70. 

Phys.  (4).  22. 314. 

"Bonis.    A.C.  Phys.  (3).  44 

"Reboul.    Z.  F.  C.  13.  200. 

*    Kerre&i  Puohot.     A.C. 

"Zincke.    32.371. 

Phys.  (4).  22. 314. 

M  Ftidau.    A.  C.  P.  83. 15. 

370. 

s  Pierre.    15. 

"Eegnault.   A.  C.  Phys.  (2). 

"Reynolds.    3.495. 

«Chapiiian&  Smith  22.367. 

58.358. 

"Cahours,    3.496.         [Ifi2. 

■'Hajigen.    32. 

■iD'Arcet.    J.  F.  P.  5.28. 

IS 

Kerce.    15. 

"  WurU.      A.  C.  P.  lOi,  245. 
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Name. 

Formula.      Specific  Gravity. 

Boiling 
Point^ 

Melting 
Point. 

'  Propylene  bromide. 

C,  H,  Br,.      I 

955.  9-" 
954.  '5° 

140=-I42.»j" 

950,  [6.° 

943>  i7° 

140?5. 

973.  o.M 
946,  17.°) 

i4a?65. 

9586,  0-  I 
9256.  20.-I 

I4i°-i43-°| 

,„          I               I 

9710,  0.=  I 
93S3.  20°; 

i4o°-i4i.° 

>'            u                   n 

9463,  17.° 

i4i?6i. 

[Oorapare  with  brominateii 

j 

irTojjyl  bTOiiiide,  and  me- 

thyl bnmiocetol.] 

"Butylene  bromide. 

C.  H,  Br, 

160.° 

;;    ;; 

8299.K0 
8[i9,|    ■ 
876,  0.= 

158.= 

156'-!  59-° 
i65"5-i66.° 

■'  Hcsylene      " 

Cj  II„  Br,.      I 

iS2,  19.° 

i92'=-i98.° 

3d.   MISCBLLANEOUS. 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 

'^  Eromoform. 

C  11  Br,. 

2.13- 

a,9,  12.° 

152.° 

^Brominated  ethyl  bro- 

mide. 

C,  H,  Br,. 

2.135,0.° 
2.132.1       . 
2.i29,r°- 

,10-._,[2,= 

"  Dibrominated  «          " 

C,  H,  Br^. 

2.620,  23.° 

186^5. 

^                a                     n              n 

u 

2.663,  o." 

186." 

^            a                u           « 

" 

2.659,  0-' 

187." 



AUTHORITIES. 


'  Rsboul.     Z,  P 
1      13S.  53. 

C.  13,  200. 
A.  C.   P. 
[136.53. 
A.  C.  P. 

J     S,C.v.8,1867,page 
10  1          Two  products. 

B. 
40. 

"  PeiouzeA-l'ahnurS.  Ifi.  52G. 
>«  I^wig.    A.  C.  P.  3.  296. 
I'Cahoura.    1.501. 

A.  C.  P.  138. 

"CavenUiu.    14.608. 

"Cahours.    3.402. 

=  lEeboul.    Z.F.C.  13.200. 

»    Erlenmeyer. 
139.226. 

A.  C.   P. 

i>DeLtiynes.    17.500. 
njWurtz.    20,573. 
"IWurtz.    20,573. 
I'Wurti.    22.365. 

i'lReboul.    Z.F.C.13.200. 
«Wurtz.    10.461. 

*    Erlenmeyer 
139.  226. 

A.  C.  P. 

u  Simpson.    10.461. 
wcavt'iituu.     14.608. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Moiio-brom-etbylene. 

C^HjBr. 

a.  1.52. 

=  Di-broui-ethylene. 

C,H,Br, 

3.038,  10.°  \ 
3.053,  I4?5.f 

'      U                 B                       (( 

*  Dibrom ethylene   dibro- 

mide. 

C,  H,  Br,. 

2.SS,  32.° 

'Bromiiiated  propyl  bro-  \ 

niide.                                C3  Hj  Br,. 

1.9469.    [5.° 

141  "-ua." 

•Brom  propylene  liydro- 

1 

bromatc. 

C,H,Br,. 

1.895,9.° 

122.° 

'  Mono-broino-propyleiie. 

C,H,Br. 

1.400,   13.° 
1.410.   14.° 
J. 408,   19.= 
I.4IIO,    15." 

56--59.n 
56=-58.°r 
56^5. 
S7?6o.° 

[Coniparewithallylbromidt!. 

"  Di-bromo-propyleno. 

G,  H,  Br,. 

1.98,   15.° 

1 27"-!  31-° 

I'Btominated  propylene 

bromide 

C,H,Br,. 

2.336. 

3.392,  23.» 

2.39. 10-° 

192.- 

1 94°-!  96.° 

'^  Dibrom  inateti  «        « 

Cj  H.  Br,. 

2.469. 

236.° 

"Tribrominated"        » 

C3  H,  Br,. 

2.601. 

355." 

"  Mono-bromo-butylene. 

C,  H,  Br. 

82°-92.° 

"  Di-bromo-butylene. 

C,H,Br,. 

I4o'-i5o.° 

"  Brominated  butylene  bro- 

mide. 

C,  H,  Brj. 

208''-2IS,° 

^  Mono-bromo-amylene. 

C,H,Br. 

1.22,   19.° 

117"-!  18.° 

"  Mono-bronio-hexylene. 

0^11,1  Br. 

i7.  15.° 

'38.= 

'"  Mono-bromo-decylene. 

C,oH,,Br. 

109.  15.° 

C  H  Br,. 

55. 

.18.=  p.  d. 

'^Metliyl  bromacetol. 

C,H,Br,. 

39.  (Impure.) 

iiS-uS.^ 

»                I 

8149,  "."X 

ii3=-ii6.» 

"'Allyl  bromide. 

C,  H3  Br. 

472- 

451,  0.=    \ 

4385,  IS-"! 

62." 

"      "             " 

70.°  753  ">.  ■". 

AUTHORITIES. 

'  Watte'  Dictionary. 

^  Keboul  and  Trucliot.    20. 

'/Savritacli.    13.431. 
'ISawitach.    13.431. 

18. 

587. 

'Linnemann.    18.490. 

"Keboul  and  Trucliot.    28, 

'Eeboul.    A.  C.  P.  124.  370. 

^Cahours.    3.496. 

588. 

s  Llnnemautl.     A.  C.  P.  161. 

'Wartz.    10.482. 

»=M.  Hermann.    6.331. 

42. 

'Ijnnemann.    1S.4S0. 

«  Linnemann.    A.  C.  P.  138. 

« Reboul.    Z.  P.  C.  13.  200. 

sCahouTS.    3.406. 

125. 

«Calioura.    3.490. 

■^  j  Fri&lel  &  Ladeiiburg.  B. 
»it    8.C.v.8,1867,pasel50. 

J      136.55.              [136.55. 

'Caventou.    10.506. 

s  ( Linnemann.      A.  C.  P. 

"  Caventou.    16. 50G. 

«Cahoure-    3.496. 

»Lii!iiema.iii.    19.303. 

'Caventou.    10.506. 

^fToilens.  .T.  P.  P.  107.185. 

^Linnemann 

Z 

F.C.11.58. 

Kl\ 

Tollcns.  J.  P. 

P.  107. 185. 

SPECIFIC  GRAVITY  TABLES. 


N 

F           I 

Specific 

Boilmg 

Metting 

Gravity. 

Point. 

Point. 

'  Allyl  biomide. 

C,  ir,  Br. 

1.3609,  62.°  ;- 

1.  4507,  0° 

1.451,0."  1 
1436,  15-4 

70." 
70.° 
7o'=-7i.'' 

ZO"-?!." 

'  Allyl  tribromide. 

C,  Hs  Br^. 

2.436,  23-° 
..966,0.'' 

217"-2IS.= 

a.  240.° 

2l6°-220.'' 

16.' 

'"  Allylene  bromide. 

C,  H,  Brj. 

1.950. 

"        « 

2.05,  o." 

126"- 138.' 

"        "        tetrabromide. 

Cs  H,  Br.. 

"Tribromhydrme. 

C  Hs  Br,. 

2.407,  10.° 

219^^220.° 

16=^17." 

"  Epidibromhydrine. 

C  H,  Br,. 

2.06.  11." 

"Epidibromhydrine     bro- 

mide. 

a  H^  Br,. 

2,64. 

25o''-252.° 

"  Conylene  bromide. 

C.  H.Br.. 

1.5679,  i6'?25. 

"  Dibromo-beiizol. 

CoH.Br.. 

89.= 

"  Tetrabromo-benzol. 

Cs  H,  Br,. 

'"Benzyl  bromide. 

C  H,  Br. 

1.438,  22." 

201°5-202°5. 

^'  Mono-bromo-toluol. 

C,  H,  Br. 

1,4092,  21?5. 

179.° 

::    ■ 

1.4109,  33." 
1.4009,  2I.» 

i8S°-i85.=S- 

181^-182.° 
181.° 

28°5. 

"       .,          .1 

185.° 

^'Dibromo 

C  H.  Br,. 

1.8127,   19-" 

236.=     I 

-        „ 

" 

1.812,  ig." 

238''-23g,= ) 
239.' 

42.°  5. 1 

""        „ 

1.812,  22." 

241.° 
246." 

6o.'>     I 

^'  Mono-bromo-xylol. 

Cj  H.  Br. 

1.335.  2'.° 

=°3°-204-'' 

AUTHORITIES, 


MTolIens.   J.  F.  P.  107,185. 

"Borsche&Fittig.    18.314. 

"Hubner&Wallach.    A.  C. 

^Tollens&Henninger.     Z. 

"Oppenheim.    17.493, 

P.  154.29S, 

F.  C.  12.  88. 

"L.  Henry.  A,  C.  P.  154. 370. 

«Hubner&  Terry.    Z.  F.  C. 

s  Henry.    Z.  F.  C.  13.  575. 

"Reboul.    13.461. 

14.  232. 

^Hubner&MuUer.    Z.P.C. 

'^Keboul.    13.402. 

^  f  Wroblevsky.      Z.  P.  C. 

13.341. 

"Wertheim.    16.367. 

i     13.239,              [13.239. 

*  1  Tollens.  A.  C.  P.  156. 153. 
"tTolleiis.  A,C.P.156.153. 

"Kekuie.    A.C.  P.  137.173. 

^  [  Wroblevsby.      Z.  F.  C. 

>»Kekul6.    A.C.P,  137.172. 

»(Wroblev8ky.      Z.  F.  C, 
»t     14.208.      Two  isomers. 

'  Wurtz.    10. 463. 

'"Kekuie.    20.662. 

"Perrot.    11.395. 

"Glinzer&Pittig.    18.638. 

"Wroblevaby.     Z,  F.  C.  14. 

'Tollena.    A.  C.  P.  156. 188. 

'I'Kektll^.    20,063. 

272. 

"iCahours.    3,490. 

«3-\VTOblevsky.     Z.  P.O.  13. 

"Beilstein.    17.530. 

1=  Opiienlieim.    17.493. 

239. 

''FitligA  Ernst.    13,656. 

SPECIFIC  GRA  VITY  TABLES. 


u    . 

Specific 

Boiling 

Melting 

Gravity. 

'  Mono-bromo-xylol. 

C,  H,  Br. 

307^5. 

'  Bromo-ethyl  benzol. 

C,H.Br. 

1.34.  13^5- 

'  Mono-bromo-cumol. 

Cs  H,i  Br. 

l■■i■ii^.  13-° 

'  MoDO-bromo-dibenzyl. 

0,4  H,3  Br. 

1.318,9.° 

320"+. 

s.  0'—. 

■  Bromo-mesitylene. 

O9  H„  Br. 

1.3191.  lO-° 

225." 

*  Moiio-bromo-iiaphthaline 

Cio  H,  Br. 

1-55S- 
1.503,  12." 

XL VIII.  Compounds  CosTAmiuo  0.  H.  Br.  0.,  C.  Br.  N.  0.,  J 
C.  H.  N.  Br. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Pcint. 

'  Acetyl  bromide. 

C,  Hj  0  Br. 

81.° 

'  Propionyl    « 

C,  lis  0  Br. 

[,465.  '4.° 

96'>^98.'= 

"  Monobromaeetyl  bromide 

0,  H,  0  Br^. 

"  Monobromacetic  acid. 

C,  Hj  Br  O5. 

"  Dibromacetio          « 

C,H,,Br,0,. 

2.25. 

225^-230.'' 

232''-234.° 

"  Tribromacetic         u 

C,  II  Brj  0,. 

130.° 

'"  Jlonobromopropionic 

acid. 

C,  Hj  Br  0,. 

190^-2 10.° 

"  Dibromopropionic      " 

C,H.Br,0„ 

"  Moiiobroraobutyric     « 

C.  H,  Br  0,. 

1. 54-,  15.° 

iSo.° 

"  Dibromobutyric           « 

C,  Hs  Br,  0, 

1.97. 

230.=  p.  &. 

45"'-48.'' 

"  Monobroinosteanc      « 

Ci,H„BrO,. 

1.0653,  20." 

'"  Bromopropionic  ether. 

C5  H,  Br  0,. 

1.396."-° 

159°- 160,° 

'*  Bromobutyric          « 

Cj  H„  Br  0,. 

1.33.  15.° 
1.345.  12." 

185.°  p.  d, 
175°-I78.° 

"Deriv.  of  moaobromaniy- 

lene. 

a  H„  Br  0. 

"  Bromal. 

C,  H  Br,  0. 

3.34. 

JOO°+. 

« 

172=-173.'> 

»KekulS,    A.  C.  P.  137.186. 
=  Fitt^  &  Konig.    20.609. 
» Meusel.    20. 698. 
'  Stalling  &  Fittig. 
s  Fit%  &  J.  Stflrer.    20. 704. 
"Glaser.    18.562. 
'Wahlforsa.    18,564. 
"Ritter.    8.50*. 
'Sestiiii.    23.528. 
"Naamanii.    17.322. 


AUTHORITIES. 

"  Perkin  &  Duppa.    C.  S.  J. 

11,23. 
"  Perkin  &  Diippa.    11.  285. 
"  Schaffer.    Z.  F,  C.  14. 382. 
I*  Schiiffer.    Z.  F.  C.  14.  382, 
"  Friedsl  and  Maclmca.    14, 

379, 
*  Friedel  and  Machuca.    14. 

*51. 
"  Sclmeider.    14. 457. 


'*  Schneider.    14.458, 
'"Caliovirs.     15.248, 
™Oudenians.  J.  F.  P.  80. 197. 
^  L.  Henry.     A.  C.  P.  Ia6. 

176. 
"Schneider.    14.458. 
="  Cahours,    15.  248. 
"Heboid.    17.507. 
»  Lowig.    A.  G.  P.  3,  305. 
^  Schafer.    Z.  F.  C.  14. 332. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 

Melting 
Point. 

'  Pajabromalide. 

C,  H  Br,  0. 

3.107. 

200',  p.  d. 

67.° 

'  Deriv.  of  Oleic  acid. 

CsHj^Br.O,. 

1.272,  7°5- 

'  Epibromhydrin. 

Cj  H5  Br  0. 

1.615,  H." 

138.= 

*  Dibromhydrin. 

Cj  Hs  Br,  0. 

2.11!  18.° 

219.= 

*  Bromophenylic  acid. 

Cb  H5  Br  0. 

1.6606,  30.° 

132?  ==n>.m. 

'  Bromoisopropylphenate 

C,  H„  Br  0. 

1.981,0.°     -t 
1.957.  I2?5-) 

236.= 

"              B                            «                                 B 

76010.  m. 

» Bromo  methyl  phenol. 

C,  H,  Br  0. 

1.494.  9-° 

2 10.° 

'"  Bromopicrin. 

C  Bfj  S  0,. 

3.8lI,I2''5. 

IO°25- 

"  Liquid  Bitrobtomtoluol. 

C,H,BrNOj 

1.612,  20.° 

269.° 

3.-20." 

"       -                   o.             p. 

« 

1.631,  18.° 

255°-2S6.- 

"  Solid 

256''-257.° 

43-° 

XLIX.  Compounds  Contaising  both  Chlorise  and  Bromine. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'*  Ethylene  bromochloride. 

C»H,ClBr. 

1.7cx>,  18.° 

107^-108.° 

^  Bromethylene  hydroclilo- 

rate. 

C,  H.  CI  Br. 

1.61,  14.° 

sr-a2.'' 

"  Propylene  bromochloride 

Cj  Hj  CI  Br. 

1.62,  16.° 

I12"-113.° 

"  Hexdiloro  propylene  bi-o- 

tnide. 

C,  Ci,  Br,. 

1-974. 

"  Chloro-ftcetyl-bromide. 

C,H,001Br. 

■  ■9' 3.  9-° 

127.° 

"  Erotno-turetj-1-chloride. 

1.908,  9.° 

"  Perehlorobromcthylic 

ether. 

C,  C\  Br,  0. 

2.S.  .8.°         ■ 

96.=        ■ 

'"  Chlorobromhydrin. 

C,HsaBrO 

1.740,  12." 

197." 

H                          „ 

« 

1-7641.  9-' 

i85°-i97.° 

»  Clilorodibromhydrin. 

C,  Hj  CI  Br,. 

2.085,  9° 

2O2''-203.' 

195." 

195''-200.'' 

. 

2.004,  IS-" 

AUTHORITIES. 


'aoez.    12.433. 

»L.Heiirv.    Z.F.C.  13.247. 

"Reboul.    A,  C.P,  153.21G. 

'Lefort.     6.451. 

■iBolaH&  Groves.      Z.F.C. 

"  Cahours, 

"BerthelotandDeLuca.    9. 

13.  4U. 

"Wilde.    17,320. 

eOO.                              [627. 

"Wroblevsky.     Z.F.C.  13. 

'» Wilde.    17.319. 

*  Eetthelot  and  De  Luca.    8. 

240. 

2"Malflguti.    A.C.  Pliys.(3), 

6  Bertbelot  and  De  Luca.    9. 

'nVroblevsky.     Z.  F.  C.  13. 

16.  25. 

eoi. 

166. 

"Reboul.    13. 4,5s. 

•Korner.    19,574. 

"Wroblevsky.     Z.  F.  C.  13. 

''L,  Henry.    Z.  F.  C.  13. 60*. 

'fSilva.   B.  S.  C.  Jannarv. 

I6G. 

J'Beboul.    13.461. 

\     1370.                 [itf:o. 

"  L.  Henry,  A,  C.  P.  l.iO.  15. 

«Oppenheira.    21.341. 

8  [  Silva.   B.  S.  C.  Jaxmary, 

16  Keboul,    A.  C.  1'.  loo.  215, 

^  Dannataedler.    22. 375. 

lyGooole 


SPECIFIC  GBAVITY  TABLES. 


'  Derivative  of  a 

'  Epichlorobromhy  drill. 

'  Epichlorobromhydriii  + 

Br. 
'  Epidichlorhydrin  +  Br. 
"  Bromodichlorhydrin    of 
phyoite. 


Cj  Hj  01  Br,. 
Cj  H.  CI  Br. 


C,  H,  CI  Bi-j 
CaHiCljErj 


.69,  14..° 
!.3g,  14." 


2.1719,0."    1 
2.1426.  I7?5.; 


L.  Compounds  Containing  C.  H.  and  I. 
let,  IODIDES  OF  THE  ETHYL  SERIES. 


AUTHORITIES. 


Name. 

Formula, 

Specific  Gravity. 

Boiling 
Point. 

Point. 

'  Methyl  iodide. 

C  11, 1. 

2.237,  22." 
2.19922,0.° 

4o<'-so.'' 
43°8. 

'          cc              « 

42 

2. 

■"        <• 

2.2636,  20.° 

43 

7- 

2.269,  25-° 

42 

5. 

"  Ethyl 

C,   H;    I. 

1.9206,  23?3. 
1.92,  .6." 
1.97546,  0." 

1.9464.  16.= 

64 
64 
70 
71 
7' 

8. 

5. 

3- 
6-72?2. 

1.9309,  15." 

"*        "            " 

1.98,  4.= 

72''-73-° 

"        "           " 

1-927,  20.° 

71.° 

"°        "            " 

1.9265,  19.° 

72927. 

"            n                 11 

1.93!;.  20-" 

73.M 

72?2.; 

=^ 

i.93«.  ^0.= 

=»           «                .1 

1.979.0."     I 
i.907,  30°4-) 

"           "                 " 

«                <l 

" 

1,9444.  14"  S- 

72?3o. 

'Friedel.    12,  337  &  338. 

"Linneniaiin.      Z.  F.  C.  11. 

>»  Liiineraann.    A.  C.  P.  144. 

'Keboul,    13.461. 

133.                                   [251. 

'Reboa!.    13.462. 

I'GajLuasac.     A.  C.  Fbvs. 

'Reboul.    13.462. 

91.  91. 

^  <  Haageii.    32. 
"tHaagen.    32. 

6/ Wolff.    A,  C.  P.  160.  32. 
nWolif.    A.  C.  P.  150.  32. 

1=  Mareband.  J.  P.  P,  33. 18S. 

"Pierre,    15, 

"     Pierre  A  Puchot.     A.  C. 

'DamasandPeligot.    A.  C. 

'^Andrews.    1.  S9. 

I'bys.  (4).  22.  261. 

Phys.  (3).  58.30. 

'spranklaiid.    2.412. 

=*    Pierre  &  Puchot.     A.  C- 

'Pierre.    15. 

"  Mendelejeff.    13.7. 

Phys.  (4),  22. 2fil. 

I'Bertbelot.      A.  C,  P.  115. 

•^Liimeniann,    A.  C.  P.  160. 

■"  Haagen.    32. 

114, 

105. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Poml, 

'  Prgpyl  iodide. 

Cj  H,  I. 

1.789,  16.° 

1,7012,  Zl." 
■7343.  16.= 

1.7472.  16.= 
1.7377-  23.° 
1.7610,  16.° 

99'- 101.° 
ioi'?5. 
102°- 103.° 

102°25. 
102^  1 . 

'        "              «                     ISO. 

1.70.  15.° 
1.714,  16.° 
'■73.  o-° 
1.725,0.= 
1.69,  .5-° 
171.  15° 

9o=-95.° 

Sg^-go." 

89," 

92°-94,° 

93.° 

89°-90-=  ■ 

I  ':    :      ': 

1.71732, 17,°™. -f  4. 

1.70,  18." 
1.715.  i5°5. 
1.7109,  15.= 
1.7842,0.°      1 
1.7674,  9°>- 
1.6843.  S2°6. 

89.° 

U' 

89"-90.' 
88?7-89°5. 

104?2 5-10495. 

«    «       « 

1.6373.  7S'^3- J 

'■  Butyl        " 

C,  H,  I. 

!.6o4,  19.° 
1.632.0.=   -1 

121." 

=9       «              » 

1.600,  20.=  V 

118.° 

*i      <i           .( 

1.584.  30-°) 

"      » 

1,543,0.= 

n6''-n8.- 

. 

AUTHORITIES. 


■  Bertlielot  &  De  Luca.      7. 

"  Erlenmeyer,    A,  C.  P,  12G. 

==Linnemann.    A.  C.  P.  101. 

452. 

30(1. 

'Chancel.    22.359. 

"Simpson,  A.  C.  P.  129, 128. 

Pierre  &  Pucliot.     A.  C. 

wWurtz.  See  A.  C.  P.  136. 43. 

Phya.  (4).  23-  286. 

'  Cliapman  &  Sniitti.     C.  S. 

"Linnemaim.    A.  C.  P.  3a. 

■a 

Pierre  &  Puohot.     A.  C. 

J.  22, 195. 

Piiys.  (4).  22.  286. 

"Eosai.    A,  C.  P.  139.  79. 

■SLiunemann.    A.  C.  P.  3d. 

■Pierre  &  Pucliot.      A.  C. 

supp.  p^e  207. 

Pliys,  (41.33.286. 

195. 

■*  f  Erlenmeyer.      A.  C.   P. 

10 

Pierre  &  Fucliot.      A.  C. 

\      133. 329.          [139-  229. 

PluTi.  (4).  22.286. 

25. 

1'  t  Erlenmever.      A.  C.  P. 

"Wurtz,    7.073. 

>VH.  L.Bl.ff.    29. 

'HH.  L.Buff.    29.        [178. 

»(DeLnyne3.    17.499. 

34. 

s»  I  De  Luyiiea.    17. 499. 

'Friedel.    A,  C.  P.  134.  327. 

»Linnemann.    A,  C.  P.  140. 

»»tDeLuynes.    17.499. 

i»Linnemann.    18.489, 

a  Stench.    A.  C.  P.  144.  142. 

31 

Vurta.    20.573. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 

Melting 
Point. 

'Bulyl  iodide. 

c,  ir,  I. 

1.6301,0.° 
1.6032,  16.° 
1.54816,  50.° 
1.6363,0."   1 
i.6in,io.= 
1.5953,20.° 
iS7fJ7,  SO-".) 

1.643,0.°      ) 
1.6136,20.°  V 
1.5894.40.°) 

130.° 

129-6. 

738-=  m.  m. 

1.6345.0°      1 

1.6214,  8?3.    1 

122°5. 

1.6387,  56^4- 

1.464,  98:8.   J 

1.6081,  i9°5. 

1 20°  57,1 
.30.63. 1 

'^Amyl        " 

Cj  H„  I. 

i.;iii3,  ii°s. 
1.5277,  0.° 

146.° 

" 

1.4936,  20.° 
.,4676,0.°    I 

1.4387,  22°3J 

1.5087,  i5°8. 
1.4734.  ^0,° 
,.5435,0.'   ) 

i-5>74,20.° 

149-° 

.47°2-i47'?7 

147.° 

i55°4. 

1.4961,40.") 

739.3  m.  m. 

^  Ilexyl      .< 

Cj  II„  I. 

'■439- 

165.° 

■"      „ 

1. 431,  19° 

i72°-i75-° 

-      ■■          «                     /?. 

1.4447,  o."  \ 
[.3812,  5o.°J 

.67?5. 

"      ..           «                     « 

" 

,5=m.m 

AUTHORITIES. 


I 

Chapman  &  Smith.  C.  S. 

.. 

Pierre  &  Puchot.      A.  C. 

"  Meiidelejeff.    13.7. 

J.  22. 156.      [J.  22. 156. 

Phys.  (4).  22, 317. 

"Ha^n.    32. 

Chapman  &  Smith.  C.  S. 

Pierre  &  Puchot.     A.  0. 

Lieben ARossi.    A.C.P. 

Chapman  &  Smith,  C.  S. 

Phys.  (4).  22.317. 

.159,  70. 

J.  22. 156. 

.4 

Pierre  &  Pucbot,     A.  C. 

« 

Lieben &Rossi.    A.C.P. 

Lieben.    21.439. 

Phys.  (41.  22.  317. 

159.  70. 

b 

Lieben.    21.439.        ■ 

a 

Pierre  &  Puchot.      A.  C. 

17 

Lieben*  Rossi.    A.C.P. 

' 

Lieljen.    21.439. 

Phys.  (4).  22.  317. 

150.  70. 

Lielien.    21.439. 

n 

1G0.195.  Two  samples. 

^  Wanklvn  and  Erlennieyer. 

"Saytzeff.    Z.  F.  C.  13, 103. 

" 

14.732. 

Lieben&Eossi.    A.C.P. 

'8  Pranlcland.    3.478. 

^  Pelouze  and  Cahoura.    16. 

158.  137.          [158. 137. 

"  Frankland. 

526. 

le 

Lieben* Rossi.    A.C.P. 

» Grimm.    7.543. 

*>  (Wanltlyn&Erleiimever. 

Lieben ftltossi.    A.C.P. 

^  f  Kopp.    18. 

\      le.  51S.              [16.518. 

158. 137. 

21 

Kopp.    18. 

3. 

( Wanklyn  &  Erienmeyer. 

,  Google 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Hexyl  iodide. 
'Heptyl      . 

"  Octyl 

iso. 

'"  Cetyl 
"Melissyl  " 

Cs  H„  I. 
C,  H,3 1. 

c„  ir„  I. 

C,e  Ilsa  I. 

Csc  He,  r. 

1.411S. 

1.310,  16.- 
1.338.  1 6.° 
1.330-  0.°  I 
1.314.21,°]" 

196.= 
190.= 
192." 

120," 

67.° 

2d.  MISCELLANEOUS. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 

Melting 
Point. 

'  Methylene  iodide. 

C  H,  I, 

3.342,  5-° 

181.=  p.  d. 

5.°  «■  3-° 

» Ethylene 

C,H,I, 

2.07. 

73° 
70.° 

'  Propylene       -■ 

C,  H,  I,. 

2.490,  iS-'S- 

"Allyl 

0,  H^  I. 

1.789,  16." 
1.746,0.= 
1.848,  12.° 
1.839,  14-° 

89"-92.° 
10105-102.° 

™     i<                   11 

g7°-ioo.'' 

^  Allylene 

C,  H,  I, 

2.62,  0.° 

198.° 

'^  Moiiiodo-allylene. 

C.  H,  I. 

1.7. 

98." 

'^  Diallyl  moiiohydriodate 

C,  H„  I. 

1.497,0.° 

if>4''-i65,° 

"       «      dihydriodate. 

C.H„I, 

2.024.  0." 

''  Allylene    monohydrio- 

date. 

C.  H,  I. 

..8346,  o.M 
1.8028,  j6.°J 

Sz" 

M          „                        n 

"        B           dihydriodate 

C.II.I,. 

2.15,0.° 

AUTHORITIES. 


1  Pianchimont  and  Zincke. 

"Story-Maskelyiie.    C,  S,  J. 

"Ijaiiemann.     A.  C.  P.  3d. 

22,96. 

supp.  267. 

'Wilis,    C.S.  J.8.311. 

"Butlerow.    11.420. 

"Linnemann.     A.  C- P.  3d. 

uRegnanlt.    A.C.Phys,  {2). 

supp,  page  264. 

59,  308. 

»ToUens.    A.  C.  P.  15G.  156. 

"E,  Kopp,    J,  P.  P.  33,  183, 

isBcrthelot  &  DeLuca,     7. 

"  Liebermaim.    18. 495. 

'Bonis.    8.526. 

453. 

aWurtz.    17.514. 

iZiiicke.    22.371. 

"  Berthelot  &  De  Luca.    7. 

=nVurtj:.     17.511. 

"JDe  Clermont,    21.449. 

452, 

'^fSeraenoir.     18.494. 

"Woieitoff.    16.405. 

«  I  Compare  with  allyl  iodide. 

"■Fridau,    A,  C.  P.  83, 12. 

"Oppenhcim.    18.493. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Foimula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  AllyleiiG  (lihydriodace. 

C,H,I, 

2.4458.  0." 

I47°-I4S.° 

'Ethyl  vinyl  hydrioJate. 

C.  H,  I. 

'.634,0,° 

120°-I2l.'' 

'  Ethyl  allyl 

C,  H„  I. 

M37,o.°1_ 

1.5219, 1!.=; 

146.' 

•            U                   »                               1. 

11 

7(53  m.  m. 

« Vinyl  iodide. 

c,  H3  r. 

.,98.= 

'  Iodoform.              " 

C  II  I,. 

'  MoLiiodohenzol. 

C,  II5 1. 

1.69. 
'-833- 
1.64,15." 

18  5^-190. 
l88?2. 

"lodololuol.           Ortho. 

C,  H,  I. 

1.698.20.= 

204.° 

"          "                     Meta. 

- 

1.697.20." 

205." 

"  Benzyl  iodide. 

C,  H,  I. 

1.7335.  25-°  1- 

a.  240.° 

24?I. 

LI.   Compounds  Cost 

RISING    C,  H,  0 

,  AND  I. 

Name. 

Formula, 

Specific  Gravity. 

Boiling 

Point. 

Melting 
Point. 

"  Acetyl  iodide. 

'^Propionyl  iodide. 

'"Butyryl 

"  Valeryl 

"  Biniodated  methyl  oxide 

"  lodhydrin. 

"  Epi  iodhydrin. 

C,  Hj  0. 1. 

C,  H,  0.  I. 
C^  II,  0. 1. 
C,H,O.I. 
C,  H,  1. 0. 
C,H„IO,. 
C3  Hj  I  0. 

1.98.  17.° 

3-345  ■ 
1.783. 

ioS.° 
104°- 105.° 

146°- [48.° 

168." 

i8i°-i82.° 

ife^-iSo." 

5.-6." 

LII.  Compounds  Containing  both  Chlorine  and  Iodine,  ok 
Bkomine  and  Iodine. 


Name. 

Formula. 

Specific   Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Ethylene  chloriodide. 
'^  Propylene 

C,  H,  CI  I. 

C3  H,  CI  I. 

2.151,0.° 
Z.39,  20.° 
1.932.0-° 
1.824. 

145.° 
146.° 

AUTHORITIES. 


'Semenotr.     13,494. 

'OBeilstein&KuHbeig.    A. 

"  Cahours.    10. 344, 

'Wurbs.    A.  C.  P.  153.  23. 

C.  P.  158.a49. 

'"  Bruning,     10,  432, 

s/Wurtz.    31.446. 

■1  Beilstein  A  Kutlbeg.     Z. 

■'Borthelot  &  DcLuea.      7. 

'  1  Compare  with  amyl  iodide. 

P.  C.  13. 103. 

5  Regnault.            [stellung." 

"Lieben.    22.425. 

"■Reboul,    13.459. 

'Weltzien's     "Zusammen. 

"Guthrie.    10.344. 

"Simpson.    16,485. 

"Cahoura.    10.344. 

■'"Maumene.    22,345. 

'Kekuie.    18.554.         [251. 

"Sestini.    Z.  P.  C.  I2.6G1. 

''Simpson.    16,494. 

'6Ca.houra.    10.  3i4. 

«Oppenheim.    20.571. 
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SPECIFIC  GRAVITY  TABLES. 


Name.                       i     Formula. 

Specific 
Gravity. 

Boiling 

Point. 

Melting 
Point. 

■  Chloriodofonn.                     C  H  CI,  I.      i 

96. 

454,0,"      1 
403,  21?5.j 

S                     ,1                                                             .12 

'  Chluriodotoluol.                   C,  H,  CI  I.     I 

702,  [9.° 

240.° 

^              «                  Alpha. 

1 

7.6, 17.= 

342=-243.° 

*              .<                    Beta. 

'  I 

770,  19-5. 

240.° 

10.= 

'  lotlochlorhydrin. 

C^HsClIOj.'  2 

06.  10.'' 

226.° 

'  Ethylene  bromiodide. 

0,  H,  Br  I.  1  2 

7.  "■' 

160,°  p.  d. 

'  Bromethylene  hydriodate 

C,  H.  Br  I.  1  2 

5.1° 

141  "-1 42.° 

'"  Brompropyleiie        « 

C,  H,  Br  I.  ;  2 

148,°  p.  d. 

"  Para-iodorthobrom  toluol. 

C,  H,  Br  I.     2 

044.  20.7.° 

265.° 

"  Metjiriodorthobromtoluol. 

139-  '8.° 

260." 

LIII.    Orgaxic  Compounds  Coxtaixiso  Sulphue. 
1st.  COMPOUNDS  CONTAINING  C,  H,  and  S. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Methyl  sulphide. 

C,  H,  S. 

.845,  21.° 

41.° 

"Methyl  ethyl  sulphide. 

C,  Ha  8. 

5S=8-S9'5. 

•=  Ethyl 

C,H.,S. 

.83672,  0-° 

73° 
9'° 

"  Isopropyl 

Ce  III,  S. 

105." 

'"  Ethyl  amyl 

C,  H,6  S, 

i32°-i33°5- 

»      0        «                « 

.852,  0.= 

i58--i59-° 

''  Butyl 

C,  H,,  8. 

.849.0.° 

176-185.° 

"  Amyl                     " 

Ci„H„S. 

216.° 

^'Hesyl 

C,,  11^  S. 

230.° 

^'Cetyl 

C,  H»  S. 

57?S'S-54-° 

^  Methyl  disulphide. 

C,  H,  S,. 

1.046,  18.° 

116"- 11 8." 

» 

1.06358,  0." 

112°1. 

AUTirOKITIEa. 


iBouchardat.     A.  C,  P.  22. 

"Rcboul.    A.  C.  P.  155.213. 

"R.  H.Smith. 

230. 

WReboul.    A.C.  P.  155.214. 

i*L.  Henry.    22.361. 

5(Borodine.    15.391. 
MBorodine,    15.391. 

"Wroblevsky.     Z.  F.  C.  13. 

"Carius.    14.595. 

165. 

"•aaytzeff.    19.529. 

'Beilstein&Kuhlberg.     A. 

"Wroblevsky.     Z.  F.  C.  14. 

'iSaytzeff.    19.528. 

C.  P.  LW.  82. 

210. 

«Ba!ard.     A.  C.  Phys.  (3). 

sWroblevsky.      Z.  F.  C.  13, 

"R*Snault.    A.C.Phj-3.12). 

13.304. 

164. 

71.  391. 

==  Pelouze  &  Cahonrs. 

swcoblevsky.     Z.  P.  C.  13. 

"Carius.    H-5i»5. 

"Fridau.    A.  C.  P.  R.3,  IT. 

16*. 

^Cflhours.     A.  C.  I'liys.  (3). 

'Eeboul.    13.458. 

'Ktbout.    A.  C.  P.  155.  214. 

'6  Pierce.    15. 

M  Pierce.    15. 
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SPECIFIC  OEAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

•  Ethyl  disulphide, 

C^  H,„  S,. 

about  1. 00. 

151.= 

■'Amyl 

c,„  n„  s,. 

.918,  1 8.° 

34o''-26o.'' 

'  Amylene  sulphide. 

Cb  H,„  S. 

-907.  13° 

a.  200,° 

C,H,8. 

.880,  13.= 

'AlH-ltmulphide. 

C«H,„S3. 

1,012,  15.° 

J  83," 

°  Methyl  mercaptan. 

C  H3.  H.  S. 

21." 

'Ethyl 

C,  H;.  H.  H. 

.842,  15.° 
.S3S,2i-° 

61  =-63,° 
36?2. 

■  Propyl           ir             ISO 

C,  JI,,  IT,  S. 

45° 

'"  Butyl 

0,H,.H.S. 

.848,11=5. 

8S.° 

"  Amyl            B 

0,H„.H.3. 

.835,  21.° 
.8548,0.=     I 
.8405,  16=9,/ 

125-° 

117.= 

119=8. 

'^  Hexyl 

CJI,,,.H.S. 

i45''-i48.° 

''      »                «              0. 

.8856,  0.° 

142.= 

"Heptyl          <i 

C,H,j.ir.S. 

i55°-i58.= 

'»Cetyl 

C„H„.H.S. 

So?5,s.44.'' 

•"  Ethylene  aulphydrate. 

C.H„S,. 

1-123.  23?5. 

146." 

""Sulphydrate  of  acetyl 

mercaptan. 

C,,H«S,. 

1. 134. 

180.° 

"  Methyl  sulphocarbonate 

0,H,S,. 

1.159.  18. 

20O=-2OS.'> 

"Ethyl 

f  s  H„  S,. 

237=-34o.= 

■"         u 

240.- 

"  Amyl                  11 

C„IL,S, 

.877. 

24S''-248.° 

'^  Ethylene  trisujpliocar- 

bonat«. 

C,H,S, 

1.4768. 

36?  5. 

^  Propylene          « 

C,H,S,. 

1.3'.  20-° 

"Butylene             « 

C,H,8,. 

1.26,20.° 

''Amylene 

Cg  H,„  S3, 

1.073. 

"AUyl 

C,H,,S, 

■943- 

1 70°-!  7  5-° 

"Phenyl  sulphide. 

C„  H,„  S. 

1. 119. 

293:5.    ■ 

"       n       sulphydrafe. 

CeH„H.S. 

1,078,  14.° 

165.° 

(72^5, 

AUTHORtTIES. 


'Morin.    P.  A.4S.48i. 

"  Krutzsch.    J.  F.  P.  31.  2, 

"Debus.    A.  C.  P.  75, 147, 

'0.  Henry.    1,700. 

"fKopp,    IS, 

''Hiisemann.    14,344, 

"Guthrie.    14.665. 

"iKopp.    18, 

^Hiisemann,    15,410. 

*  Guthrie.    12.484, 

"PeloazeArahours.  16,526. 

WHiisemaun.     A.  C.  P.  123. 

'Lowig,    13.399. 

"Wanklyn  &  Erleumejer. 

87. 

•Gregory.    A.  C.  P.  15.  239, 

17.509. 

'Zeise.    P.  A,  31,  389. 

"Hiiaeniann.    15.434. 

"Liebig.    A,  C.  P.  U.ia. 

ispridau.    A.C.  P.  83. 18. 

™Husemann.    15.434. 

9  L.  Henry.    22.361. 

"Werner.     15.424. 

'"Humann.    8. 613. 

'"Sleiiliouse,    18.532. 

■■Balard      A.  C.  Phys.  (3), 

"1  Cahours.    A.  C.  Phys.  (3). 

"  Vogt,    14.  630, 

12.305. 

19. 162. 

""Stenhouse.    21.590. 
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SPECIFTC  GRAVITY  TABLES. 


— — — '^— 





Name. 

Formula. 

Specific  Gravity. 

Point. 

Point. 

'  Benzyl  sulphydrate. 

CH,.H.S. 

I.05S,  20." 

■94°-i95-° 

'Naphtyl 

C,o  H.  S. 

1. 146,  2^." 

285." 

'Mesitylene     « 

C,  H„  S. 

1.0192. 

*  Sulphoxenol. 

C,  H.„  S. 

1.036,  13,° 

213-° 

=■  Glycerin  trisulphydrate. 

C.  H,  S,. 

1-39'.  I4°4. 

2d.  COMPOUNDS  CONTAINING  C,  H, 

S.  and  0, 

Name. 

Specific  Gravity, 

Point. 

Point. 

•Methyl  sulphite. 

C,  He  S  O3. 

1,0456,  l6?2. 

I2I"5- 

'Metliyl  ethyl  sulphite, 

C,  H,  S  0,. 

1.0675,  18.° 

!4o"-i4i?5. 

"Ethyl 

C.Hj^SOj. 

1.08s,  '6." 

I5o°-i7o" 

..10634,0.° 

t6o'3. 

1"      «                       « 

1.1063,0.°     1 

jgj 

11      «                       <, 

« 

1.0926,  la?;-! 

"Ethyl  amyl          « 

C,  H..  8  0,. 

2,0"-235-'' 

"Methyl  sulphate. 

C,  H„  S  0.. 

1,324,22.° 
1.385.^1 3.° 

188. 

"  Ethyl 

C4  H,o  8  0,. 

"  Ethyl  sulphurous  acid. 

I-3- 

"      «     sulphuric 

0,  H,  8  0,. 

1.315-1.317,  16." 

"      n     ethylsulphonate. 

C,  H,„  S  0, 

19           II                                  II 

11.1508,20^40 

7,6.9  M.  m. 

™  Methyl  dieulphociirbo- 
11  ate. 

CgH,S,  0.  '  1.143.15." 

I70''-I72,'' 

1  Ethyl  methyl 

C,H,S,0.  1  1.123,  "." 

179.= 

"  Ethyl 

Ci,Hi„S,0.    1.0703,  18.° 

210-212- 

23           II                                               <, 

0 

200. 

"Ethyl   monosulphocar- 

bonate. 

1.032,  I.' 

"Thiacetie  acid. 

C,H,SO. 

1-074,  10° 

93-° 

»  Disulphamylene  oxide. 

C,„H„S,0 

1.054,  13-° 

'"              II           hydrat«. 



AUTHORITIES. 


'Marcker.    18.643. 

"fCarius,     J.  F.  P.  (2).  2. 
t     285. 

"iCarius.      J.  T.  I*.  (2).  2. 
t     269. 

'Holtmeyer.    20.708. 

"Carina     A.  C.  P.  111.104. 

"Cflhoura.     A.  C.  Phys.  (3J. 

•YsaelDeSchepper.  18.558. 

»  Dumas  &  Pel.    A.C.Phya. 

19.  ICO. 

{2).  58.  33. 

"CMins-    12.86. 

"Biideker.    26. 

'Carius.    A.  C.  P.  HI.  103. 

•sWetherill.    1,692. 

s'Debua.    A.  C.  P. -5. 1-5. 

"Watts'  Dictionary. 

»<Deblia.    3.465. 

C.  Phys.  (3).  17, 67. 

"Walts' Dictionary. 

"  f  Carina.     J.  P.  P.  (2).  2. 
1     269. 

■"fCarius,     J.  P.  P.  (2).  2. 
1     285, 

"Gutlirie.     12,483, 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

•Deriv.  of  (enanlhol. 

Ci.H^SO. 

.875.  23-° 

=  Glycerin    moiiosulphy- 

drato. 

Cj  H,  S  0,. 

J.295,  1494. 

'         "           disulphylirate 

G,H,S,0. 

1-342.  14V 

'Xanthuriii. 

C(H,SO,. 

"Carbonyl  disu]pho  di- 

ethyl. 

C5  H,„  8,  0. 

..084,20." 

196^-197.° 

3d.  STJDFHDB  COMPOUNDS  CONTAINING  NITROGEN. 


Name. 

Formula. 

Specific  Gravity, 

Boiling 
Point. 

Melting 
Point. 

'Methyl  aulphocyanide. 

G,  H,  N  S. 

1.115,  .e." 
1.08794, 0° 

I33'-I33.° 
132=86. 

«  Ethyl 

C3  Hj  N  S. 

1,020, 16.' 

a.  1.00,  15.° 
1.533,  0-° 
1. 01 26,  19.° 
1.0034,  33-° 
■S694.   1,,6. 
.870.4.;  ^  ■    J 

146.° 
146.° 

'"  Isopropyl         a 

C,  JJ,  N  S. 

.963.  20.- 

i49''-i5i° 

'«Amyl 

a  H„  N  S. 

.,o5,-.- 

197-° 
i95''-2io.<' 

'^Hexyl 

2  I  S°-220.° 

"  Allyl 

C.  II,  N  S. 

t.o!5,  20.= 

•  43-° 

i.oioj'S- 

1,0282, 0."    ) 

1.0173,  io7i,f 

148." 

'^      «                    « 

"Phenyl 

C,  H3  N  S. 

1-135.  '5-S- 

222.° 

^  Amjlene  bithiocyanide. 

0,H,„SCy. 

'"Atiiylene  bitliio  bithio- 

cyanide. 

CJI,„S,Cy. 

i-'6,  ,3.= 

AUTHORITIES. 


»Schiff.    21.734. 

'Lowig.    P,  A.  67. 101. 

"Dumaa&Pelonze.     A.  C. 

'Carius.    15.453. 

10 

Buff.    21.052. 

Phya.  (2).  53. 182. 

'  Oanua.    15. 454. 

Buff.    21.652. 

"'/Will.    A.  C.P,52.4. 

'Couerlw.     A.  C.  P.  40.  297. 

Buff.    21.652. 

'  Schmidt  &  Oluta.     21.  575. 

Buff.    21.652. 

"iKopp.    18. 
^IKopp.    18. 

'Cahours.     A.  C.  Phya.  (3). 

» 

Buff.    21.652. 

IS  L.  Henry.    22.361. 

='Hofmann.    11.349. 

'Pierre.    15. 

"Medlock.     A.  C.  P.  GO.  222. 

^Guthrie.    14.665. 

s  Cahours.    A.  C.  Phys.  (3). 

1'  0.  Henry.    1,  700. 

*«Guthrie.    14.665. 

18.266. 

18 

elouze&Cahours.  16.528. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point, 

Melting 
Point. 

'  Sulphocyanacetic  ether 

Cs  II,  N-  S  0,. 

1.174. 

^220?  p,d. 

'  Thialdine. 

C,  H,j  N  S,. 

1.191,  iS.= 

43.°s.42.'' 

"(Enanthothialdiiie. 

C„  H^  N  Sj. 

.S96.  24.° 

'  Cystic  oxide. 

CjHjNSO,. 

1. 7 143. 

4th.   CHLORINATED  SULPHUR  COMPOUNDS. 

Name. 

Formula. 

Speciiic  Gravity, 

Boiling 
Point. 

Melting 

"  Clilorosulphuric  ether. 

0,  Hs  CI  S  Oj. 

1.379.0.°      ) 

1.324,61.=  ) 

»                   u                       a 

8o°-83.'' 

'Tetrachlorethylic    sul- 

phide. 

C,  H,  CI.  8. 

1,547.  12.° 

i67°-i72,° 

"Octochlorethylic      « 

C,  Hj  CIb  S. 

1.673- 24-° 

160.°  p.  d. 

'*  Trichlormethylamyl  sul- 

phite. 

CjHhCIjSOj. 

1. 104. 

1'  Ethylene  biaulphochlo- 

ride. 

C,  H.  S  CI, 

1.346,  19." 

"  Amylene            « 

Cj  H,<,  S  Cl. 

1.149,  i^." 

"Chlorethyleiie     a 

C,  Hj  S  CI,. 

1.599,  'I-" 

•'Ethylene  bichlorosul- 

phide. 

C,  H.  S  CV 

1.408,  13,° 

"Amylene              « 

Cj  H,„  S  CV 

1.138,  14.° 

'°  Bichlorethvlene  chloro- 

Bulphide. 

C.  H.  S  Cl,. 

1.225,  13^5-1 
1.219,  13.5-i 

"Terchloramylene    » 

Co  H,.  S  C\. 

1.406,  16.° 

"  Ethyl  sulphurous  chlo- 

ride. 

C,  H,  Cl  S  0,. 

1.357,  22=5. 

171.° 

*"  Phenyl        "              « 

CeHjClSO,. 

1.378,  23." 

254." 

AUTHORITIES. 

'Hdnta.    18.S47. 

"Riche.     7.556. 

BGutlirie.    12  4S1, 

iWohler&Liebig.    A.C.P. 

» Regiiault,    A,  C,  Piys.  (2). 

''I  Guthrie,    13.4,34. 

61.4. 

71.  406. 

"1  Guthrie.    13.434. 

'Schiff.    21.724. 

"Carius.    A.  C.  P.  113.36. 

"Guthrie.    G.S.J.  13.44. 

*VenableB.    Watts' Diet. 

"Guthrie.    13.435. 

"Gerhardt  and  Chancel.    5. 

*  ,  Purgoid.    21.  416, 
•JpurgoM.    21,416. 
UPai^ld.    21.416, 

"Guthrie,    12.480. 

435. 

"Guthrie,    13.433, 

="  Gcriiardt  and  Chancel.    5, 

"Guthrie,    12, 

182. 

434 
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SPECIFIC  GRAVITY  TABLES. 


LIV.  Organic  CoMrorxDS  of 

Selesium  and  Tellurium. 

Name. 

Fo^uU. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Ethyl  aelenide. 

C<  H.„  Se. 

io7''-io3.° 

'      "     dieelenide. 

C,H,,8e,. 

i86.° 

'  Methyl  telluride. 

C,  Hj  Te. 

82.° 

C,  H„  Te. 

Below  100." 

'Amyl 

C.,H,,Te. 

.98.' 

■  Tellurmethyl  chloride. 

C,H,Te.CI,. 

97^5- 

1           (i             bromide. 

C^HsTe.Br, 

jsg." 

LV.  Organic 

2^0MP0UNDS  Containing  Phosphorus 

Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

"  Ethyl  phosphite. 

c„  H,j  r  0,, 

1.075. 

191.= 

'  Arayl         " 

C,5  IIjs  P  0,. 

236,= 

'"  Ethyl  phosphate. 

C,  H,s  ¥  0^. 

1.07a,   12." 

215." 

"      B     pyrophosphate. 

C,H»P,0,. 

1. 172,   17.= 

"  Amyl  amylphosphite. 

C,„  H„  P  0,. 

.967.  I9°S- 

^  Diamyl  phosphoric  acid. 

C,„H^PO<. 

1.025,^0.° 

■'  AmyhiitrophoHphoroua 

and 

c  ir,,,i'XOi. 

'^Z\ 

''A    }1    Iplox  pho  ih 

r     etler 

C    IIsjPSOj, 

.849,   12." 

"Trple  jl     trsulpho 

phospha  I  ide 

C,H„N,PS. 

1.34, 

78,° 

'*Etl  jlilosphitechlor  le 

0  H5  P  0  Clj 

1.316,  0," 

iiy." 

■"But  1 

L  H,poa, 

1.191,0." 

154^-156." 

»A      1 

c  H„poa, 

1.109,0." 

173-° 

""Mo   omethjlplosphn 

CH5P. 

—  14.= 

''Dmetl    1 

r  H,  P. 

25." 

"  Tnmetl    1 

L  H,P. 

4o=-42.» 

"MoneU    I 

r  H,  p. 

25-° 

AUTHORITIES. 


iRathke,    Z.  F.  C 

12.  72*. 

fWiIliam'snn     7  a(.3 

"Menschutkm,  A.  C.P.  139. 

'Rathke.    Z.F.C 

12.  724. 

344. 

•Wiihler&Dean. 

A.  C.  P, 

"Limpncht     IS  471 

"  Menschutkin.    10.487. 

11  De  Clermont     7  562 

■•Wohler.    A,  C.P 

35.  111. 

■'Wurta     A  r  P  5«  77 

"Hofmann.   Z.F.C.  14, 364. 

■e.Wfihler&Dean. 

A.  C,  P. 

"  Fehliiig   Watts'  DiU 

"Hofniaiin.   Z.  P.  C.  14, 364. 

97.2. 

I'/Gathne     11  404 

*>  Hofmaun  &,  Cahouis.    10. 

•«Wohler&Dean. 

A.  C.  P. 

ittcjathne     11  404 

378, 

93.233. 

[93. 233. 

■'CheTner     22  344 

«Hofmann.       Z.  P.  C,  14. 

'^Wohkr  &IDeaii. 

A,  C.  P. 

"Clievrier.    21,734. 
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'  Diethyl  phosphin 
'  Triethyl         " 


'  Triethyl  phosphin  oxide. 


SPECIFIC  GRAVITY  TABLES. 


c, ir„  r. 

Cb  His  P- 


sulphide 
eelenide. 


52=9,  s.  42." 
Cryst.  5i?9. 


LVI.  Oegasic  Comfoukds  Costaixisg  Boron. 


Formula. 


Specific  Gravity. 


Trimethyl  borate. 
Triethyl        " 

■  Triamyl        » 

Methyl  diethyl  borate. 
Ethyl  diftmyl         " 
Amyl  diethyl         " 


C,  Hj  B  O3. 
Cs  H,5  B  O3, 

CiB  Hj3  B  O3. 

C;,   H„   B   Oj. 

C„  Hj,  B  Oj. 
C,  H,,  B  O3. 


,940,  0.=  I 
.915,  20.=) 


.887,  o." 
.861,  26? 5 


.840-855,  3: 
853-  29." 
.904,  0.=  \ 


.852,  28.': 
858,  26.° 


AUTHORITIES. 


s  Hoftnann.  Z.  F.  C.  14.  364. 
*Hofmann.  C.  8.  J.  13,  295. 
<•  Pibal.  Watts'  Dictionary. 
•  Crafts  &8ilva.    C.S.J.  24, 

633. 
'  Hofmann  &  Cahoiirs,    10. 

376. 
'Hofmann  &  Cihoiira.    10, 


'(Schiif.  A.C.P.Sth.supp. 
\     184.  [IM. 

"Ebelmen  &  Bouquet.     J. 

F.  P,  33.  215. 
'Bowman.     P.  M.  (3),  29, 


'  (Schiif.  A,C,P,5th,3app. 
'  Bbelraen  ifc  Bouquet,      J. 

F.  P,  38, 219, 
'  fSchiff.  A,C,P.5th,aupp. 


s  (Schiff,  A,C,I'.&tU,BHpp, 
J      189,  1189. 

1  (schiff.  A,C,P,5th,supp. 

«  Schiff.  A.  C.  P.  5th.  supp. 
195. 

!if  Schiff,  A.C.P.5tli,supp, 
J      197,  [197, 

™  (  Schiff,  A,  C.  P.  5th.  su[.p, 

«  I"  Schiff,  A,  C,  P.&tii.supp. 

""{Sohiff,  A.C.P,5tJj,supp. 
aSchifF.    A,  C.  P,  5th.  supp. 
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SPECIFIC  GltAVITY  TABLES. 


Name. 

Formula. 

Specific 

Boiling 

Poim. 

Melting 
Point. 

'  Moiiamyl  borate. 

C5  H„  B  0,. 

.971,  o.'^  1 
.949,  20."/ 

'  Moiiocetj-1     « 

C,5  TTj,  B  0,- 

^K." 

*Tetrapheiiyl  diborate. 

C,,  H^  B,  0,. 

MS-" 

i.i24,o.M 
1.106,  so."! 

•            a                    « 

'  Boron  triethyl. 

Ce  H„  B. 

.6961,  23," 

95''-97-° 

LVII.  Organic  Compounds  Containing  Silicon, 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

*  Diethyl  silicatfl. 

0,  H„  Si  O3. 

1.079,  24-° 

'Tetramethyl  silicate. 

C.  H„  Si  0.. 

1.0589,  0." 

lao^-iaj." 

"Tnmethyl  ethyl  silicate 

Oj  H„  Si  0^. 

1.023- 

las'-iss-" 

"  Dimethyl  diethyl     « 

C,  Hj,  Si  0^. 

1.004,  o-" 

.43°-H6.° 

>=  Methyl  triethyl 

C  H,3  8i  0,. 

,989,  0.= 

iS5°-Ji7.° 

"Tettethyl 

Oj  Ha,  Si  0^. 

,932. 
.933.  20." 
.9676,  0.= 

i62°-i63,'' 
i65°5. 

"  Triethyl  aniyl           " 

C„  TT.^  Si  0,. 

.926.  o." 

2l6'>-225.° 

"  Dimethyl  diamyl     « 

Co  H,,  Si  0,. 

225''-235.° 

"Diethyl 

C„  H3,  Si  0,. 

.915,0," 

245=-aso.'' 

»  Ethyl  triamyl           " 

C„  H,„  Si  0,. 

38o°-285.'' 

"Tetramyl                   « 

C^  H„  Si  0,. 

322-325," 

"  Hexmethyl  disiiicate. 

c,  ir„  Si,  0,. 

1.1441,0.° 

20.=-2O2°5. 

"^  Hexethyl 

C„H^Si,0,. 

..0.96,0.'     1 
1.00.9,  .9°2.f 

233°-238.'' 

"*  Tribasic  ailicopropionic 

ether. 

8iC,H»0,. 

.9207, 9.° 

159"-.  62.' 

"^  Orthosilicopropionic  " 

Sij  Cs  H„  0,. 

,9207, 0.° 

'58°S- 

"  Silicon  tetramethyl. 

C,  H„  Si. 

"      <i       t«trethyl. 

C,  H^  Si. 

.7657.  22°7. 

i52?5. 

AUTHORITIES. 


i/Schtff.  A.C.P.5th,3upp. 

'  Priedel  &  Crafts. 

18.4S5. 

i'Friei3el&  Crate.    19.489. 

\      m.                        [189. 

'°Friede!&  Crafts. 

19, 491, 

«•  Ebelmen.    A.C.  P. 67. 344. 

nSchiff.  A.C.P.Sth.aupp. 

"  Friedel  &  Craffa. 

19,  401. 

"  Friedel  *  Crate.    18.46fi. 

"Schiff.    A.C.  P.  5th.supp. 

"  Priedel  &  Crafe. 

19.  491. 

«  f  Friedel  &  Crate.    19.  489. 

I'Ebelmen.    A.C.P.52.324. 

•Schiff  A  Bechi.    19.493. 

"Ebelmen.    A.C. 

P.  57.  ,334. 

's  I  PriedelACrafts.    19.4S9. 

SfSohiff.  A.C.P.5th,supp. 

's  Friedel  &Ctalte. 

S.J.(2]. 

='  Friedel  &  LadenbnrR.    21. 

\     20s.                         [208. 

43. 158. 

[43,163. 

428.                 [C.  P.  159.  259. 

'tSchiif.  A,C.P,5th.siipp, 

"Priedel&CraRs. 

S.J.(2). 

«  Friedel  A  Ladenbut?;.     A. 

'  Prankland  &  Duppa,      13, 

"  Friedel  &  Crate. 

S.J.(2]. 

*  Friede!  &  Crate.    18.465. 

43. 341. 

"  Friedel  &  Crafts.    S.J.  (3). 

sEbelmen.    A.  C.  P.  57. 339, 

15  Friedel  &  Crafts. 

19.489. 

49.311. 
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SPECIFIC  GRAVITY  TABLES. 


Name.                             Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Silicon  tetrethyl.                     C„  H,„  Si. 

.8341,  0.° 

'Methyl  silicic  monochlor-; 

hydrin. 

Si  C,  H,  CI  0,, 

1-1954,  0.° 

n4-S-ii5-S- 

•      "          «  dichlorhydjin. 

Si  C,  Hj  CI,  0,. 

1.259s. 

98=-io3-° 

*       "           "  trichlorhydrin. 

Si  C  H3  CI3  0. 

82°-86.'' 

"Ethvl  silicic  monochlorhy- 

1.0483.  0." 

iSS'-iS?." 

°      "         u   dichlorliydrin. 

8iC,H,„Cl,0,. 

1. 144,  0.° 

I36--I38." 

'       "          II    trichlorhydrin. 

SiCjHjCljO. 

1.241,0.= 

!04.'' 

"  Silicon  iodoform. 

Si  H  Ij. 

3.362,  0.°  1 
3.3'4,  20.°J 

„ 

"        " 

" 

LVIII.   Organic  CoiirouNDs  of  T1,  Pb,  Zn,  Hg,  and  AL 


Mamc. 

Formula. 

Specific   Gravity. 

Boiling 
Point. 

Melting 
Point. 

"Thallicethylate. 

C,  H,  Tl  0. 

3.480103.685.  1- 

"       "       amy  late. 

C5  H„  Tl  0. 

2.465102.518.  '( 

"  Lead  tetramethyl. 

(C  H,}..  rb. 

2.034,  o-° 

"     «     diethyl. 

(C,H5),.Pb. 

1.55. 

1.62. 

1. 47 1,  10." 

I98'-202.° 

'^     «     triethyl. 

(C,H,VPb. 

"Zinc  methyl. 

(C  Hj),.  Zn. 

1.386,10=5. 

46.= 

"     «    ethyl. 

{C,H,),.Zn. 

1. 182,  18.° 

'*     0    amyl. 

(C,H,J,Zn, 

1.032,0." 

220.' 

"Mercury  methyl. 

(CH,),.Hg. 

3.069. 

93"-^-' 

■^       "        ethyl. 

(C,H,),Hg. 

2.444. 

158=^160.' 
159.° 

'"        «        butyl. 

(C.  H,)r  Hg. 

1.7469.0.-    1 
1.7192,16.'=) 

^^          «                n 

"        "        amyl. 

(C,H„).Hg. 

1.6663,  o-° 

AUTHORITIES. 


■Ladenbm^.  B.S.C.18.240. 

"(Lamy.     A.  C.  Phys 

14). 

'^  Frankland  &  Duppa. 

16. 

sFriedd&  Crafts.    19.490. 

I    3.373.   (See  the  paper). 

473. 

» Friedel  &  Crafla.    19.490. 

"Lamy.    17.466. 

"  Buckton.    11.  388. 

'Priedel&  Crafts.    19.490. 

'»ButIerow.    16.476. 

"Buckton.    11.390. 

"FriedeiaCrafts.    S.  J.  (2). 

"Buckton.    11.391. 

'^  Frankland  &  Duppa. 

16. 

43. 160. 

I'Buckton.    12.409. 

471. 

«Priedel&  Crafts.    19.488. 

■SKlipqiel.    13.381. 

^    Chapman  A  Smith. 

S.  J.  22. 164 
'^    Chapman  &  Smith. 

C. 

'FriedeliS  Crafts.    19.489. 

"Pranklanil&Duppa. 

IfS. 

SfFriedel.    A.C.P.I40.0G, 
UFriedel.    A.  C.  P.  149. 96. 

C. 

"Franklfliid.     8.577. 

S.  J.  22. 164. 

"  Frankland  &  Duppa. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'/5Hexyl  mercaptide  of 

mercury. 

C,,H^&,Hg. 

1.6502,  o.° 

'  Mercuric  iodomethide. 

C  Hj  I  Hg. 

143-° 

'        n         chloramylide. 

CsH„ClHg. 

S6.= 

'         ■'        iodamylide. 

C,  H„  I  Hg. 

132." 

'  Alumiiiuin  methyl. 

(C  H,),  Al. 

130° 

S.  0"^+. 

«           "         ethyl. 

(C,  H5),  AI. 

194.° 

LIX.  Organic  Compounds  Coxtainixg  As,  Sb,  ok  Bi. 


Name. 

Formula. 

Speciiic 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Methyl  arsenile. 

1.428,  9?6. 

128=-129." 

«  Ethyl 

r.224,  0." 

1 66^-!  63." 

'  Amyl 

1.0525,  0.' 

28S," 

'"  Methyl  arsenate. 

1.559!,  14=5- 

213-215.' 

"  Ethyl 

1.3264.  0.°  I 
1,3161.  8°8.; 

''      .1              « 

"  Areen-di  methyl. 

(C  H,),.  As. 

170," 

S.  6." 

"  Ai'sen-diethyl. 

(C,H,),.As. 

185^-190-° 

"-Areen-triethyl. 

(C,H,VAs. 

1.151.16=7. 

140°-!  So.  ° 

"  Araenmethyl  chloride. 

CHjAsaj. 

133-" 

"           11          iodide. 

0  H,  A^  I5. 

25." 

■'           "           oxide. 

C  H,  As  0- 

95-° 

'^             "           sulphide. 

C  ir,  As  S. 

'"  Alk.irsiiie. 

C,H.AaO.(?) 

1.463,  15." 

=1  Stib-trimethyl. 

(C  H,),.  Sb. 

'■5^3.  i5-° 

So'6, 

"Stib-triethyl. 

(C,H,),.Sb. 

1.3244,  16." 

158'S- 

"»Stib-triamyl. 

(C,H„),.Sb. 

1.1333.  '7-" 

!*     n            « 

« 

1,0587. 

^  Stib-triethyl  chloride. 

c,H„sba,. 

1.540,  17.° 

**    B          «        bromide. 

C5  lT,j  Sh  Br,. 

S-— 10.° 

"    "          n        iodide. 

C,  lT,i  Sb  I,. 

70^5, 

^'  Bismuth-triethyl, 

(C,  115)3,  Bi. 

1,82, 

AUTHORITIES. 


'Wanklyn   &  Erlenmeyer. 

« Crafts,    20,553. 

■'Baeyer.    A,  C.  P.  107.  ^1. 

17.510. 

»Crafls. 

™Ban5en.    P.  A.  40.224. 

'Pranklfliid.     A.  C,  P.  85. 

I'Crafta,    Z,  P,  C.  14,  324. 

"Landolt.    14.569, 

363. 

"f  Crafts.    20.551. 
■n  Crafts,    20.551. 

s>Law^&Schweitzer.  3.471. 

i^Berie.    8.586. 

8.  J.  16. 415.- 

"Bunsen.    A.  C.  P.42.3J. 

'■■CramBr.    8.590. 

*Fraiikland  &  Duppa.     C. 

"Landolt.    0,461. 

!«Lowig&9chweitzer.  3.478. 

S.  J.  16. 415, 

i^Landolt.    6.492. 

«Lowis&  Schweitzer.  3.476. 

SBucktonJtOdling.  18.4G8. 

'"Baej^r.    A.  C.  P.  107.  272. 

"Lowig  &  Schweitzer.     75. 

"Bucktoii&Odline.  I8,4C8. 

"  Baeyer.    A.  C.  P.  107.  286. 

339. 

'Crafta.    Z.  P.  C.  14. 324. 

"Baeyer.    A,  C.  P.  107.  384, 

!» Breed.    6.602. 
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SPECIFIC  GUAVITY   TABLES. 


LX.  Organic  Comfoukds  op  Tis. 


'  Stann-tetramethyl. 
'  Staim-diethyl. 


"  Stann-triethyl. 
*  Stann-tetrethyl. 


iii-dimethyl-diethyl. 


"  Staim-ethyl-trimethyl, 
^'  Stami-methyl-triethyl. 
'^  Etliylene-stannethyl. ' 
"  Staim-triethyl-phenyl. 
"  Stann-triethyl  ethylate. 
"  Stjina-dimethyl  chloride. 
■'      o  «        brbmide. 

"      <i  n         iodide. 

''  St:inn-trim ethyl  iodide. 


=■■' Stjinn-di ethyl  chloride. 


bromide, 
iodide. 


'"  Stan n-ti-1  ethyl  chloride. 
"I      0  «        bromide. 


'Cahoma.    12.427. 
^Ladenburg.  Z.F.C.  13.605. 
'  Lowig.    6. 5S4, 
^Buoklon.    11.392. 
sLadenbni^.  Z. P. CIS. 604. 
«Cah<mis.    12.420. 
Trantland.    13.411, 
sFrankland.    12.413. 
B  <  Morgunoff.     Z.  F,  C.  10. 
"l     370.  Two  preparations. 
II  Cahours.    14.551. 
I'Cabours.    14,5ol. 


1.192. 
L.4115,  o 


1.1  S7,  I3?6. 
1.2319,  ig.'^ 
1.2603,  O'") 
1.2509,  o.°J 
1.243. 


[.2639,  0.° 
[.2634,  o." 


(C  Hjjj.  Sn. 
(C,  Hs)^.  Sn. 


(C,  U.X-  Sn,. 
(Cj  H^],.  Sn. 


[CH:3),C5H^.8n. 
CH,(C,B:5),.Sn. 
(C,  H5),.  Sn,. 
(CjHjJsCsHs.Sn. 
Cs  h:„  Sn  0. 
C,  Hj  Sn  Clj. 
C,  Hj  Sn  Brj. 
C,  II„  Sn  Ij. 
Cj  H,  Sn  I. 


iCsHisSnCl. 
[Cs  His  8n  Br. 

AUTIIOEITIES. 


isLadonburg.     A.  C.  P.  8tii. 

supp,  60. 
"Cahours.  12.428. 
"Cahoura.  12.428. 
"Cahouxs.  12.427. 
loCalioTire.  12.420. 
'»jLa(Ienbui^.    Z.  F.  C,  13. 

\     605. 


143:=.  0."  ] 

170.° 

-3^'-333° 
245--246. 

0329,  15." 

Begins,  20 

42S,  8.' 

2oS°-2IO. 

320. 
630. 

iLatcnbur^     Z.  F.  C.  13. 
i.     fcOj 
-!  Cabours     12  421. 
'Ladenburg   Z  F.C.13.604. 
s'tabours     12  422. 
■Cahouis     12  421. 
'Cahouti     12  424. 
'  Franl  land     12  413. 
'Ladenburs  Z  F.C.13.604. 
Nnbnurs      12  425. 
ncwig     5  '>'*'' 
I  =1  LuWlg     5  538. 
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SPECIFIC  GBAriTY  TABLES.. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melti 
Poin 

"S 

'  Staiiii-triethyl  bromide. 

C,  H^  Sn  Br. 

222"-224.° 

=      "           •<        iodide. 

Cj  H,i,  Sn  I. 

I.S50. 
1.833.22-° 

l8o°-200.° 

235<'-23S.' 

*  Ethstannethyl  chloride. 

C„  H^  Sn,  CI. 

1.30- 

=              n               bromide. 

C,„H^Sii,Br. 

1.48. 

"            «             iodide. 

C^  H^  Sn,  I. 

1.724. 

LXI.  Miscellaneous  Organic  Compound 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 

Point. 

Melting 
Point. 

'  Cane  sugar  +  Ka  I. 

^  Grape  sugar  +  Ka  CI. 

"Triethyl  phosphin  + 
Ft  CI3. 

\  (Na  1),.  3aq.  / 
(  (C,  H„  OJ,  I 
tNaaH^O.  j 

(CgH^PVPtCls. 

1.854- 

1.55-1.59."° 
1.5,  IO.° 

150." 

'Cahoara.    12.425, 
=  Ldwig.    5.588. 
'Cahooia.    12.424. 
'  Lowig.    6. 583. 


AUTHORITIES. 

'Lijwig.  5.588. 

«I.owig.  5.588. 

'(Gill,  C.  S.  J.  24.  269. 

s  1  Gill.  C.  S.  J,  24. 209. 


'JBiidelter.    26. 
'"  t  Biideker.    26. 
"  Cahours  &  Gal, 
13.  437. 
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SUPPLEMENT  TO  THE  FOREGOmG  TABLES. 


COSTAIKING   DETERMINATIONS   ACniDES TALLY   OMITTED,   AND   OTH 

KliS   PUE 

LISHED 

SINCE  THE   FKEVIOUS   PORTIONS   OF  THE   IV 

ORK   WERE   OOMPLETED. 

Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Iron.  Pure.  Melted  in  H. 

Fe. 

7.880,  le,'' 

'     "     Ditto,  hammered. 

7.868,  l6.° 

'      «          11      wiredrawn. 

7.847.  16.° 

'     "     Pure.     Fused    in 

cracible. 

7-833.  1 6-° 

^  Copper.    Hammered. 

Cu. 

8-8S5-\ 

8.878.  r 

'        11         EoUed. 

8.879.1 
8.89S.; 

u 

'        ((          Annealed. 

8.884.1 

'«        .< 

S.896.; 

"  Ammonium    silicofluo- 

ride. 

2  Am  F.  Si  F,. 

1.970. 

"  Ammonium  atannofluo- 

ride. 

2  Am  F.  Sn  F.. 

2.887. 

"  Potassium  zircofluoritle. 

2  K  F.  Zr  F.. 

3.582. 

"           11       tantalofluoride 

2  K  F.  Ta  Fj. 

4.056. 

"  Lithium  silicofluoride. 

2LiF.SiF..  2H,0. 

2.244. 

"  Potiissium  titanofluoride 

2  K  F.  Ti  F,.  Hj  0. 

2.992. 

"          "        niobofluoride 

2KF.NbOF3.H5O. 

2.813. 

>'  Ammonium      platin 
chloride. 

2  Am  CI.  Pt  CI,. 

3.065- 

2  K  CI.  Pd  CI.. 

2-739- 

^  Magnesium  platinchlo- 

MgCI,.PtC1..12HjO 

2.060. 

"  Tricyanogen  trichloride 

Cy,  CI,. 

1.32- 

"  Chloronitric  acid. 

1.3677,8.= 

— 7?3. 

^  Matlockite. 

pb  a,,  pb  0. 

7.21. 

"  Mendipit*. 

Pb  CI,.  2  Pb  0. 

7.0-7.1. 

chloride. 

cd  ci,.  2  N  Hj. 

2632. 

AUTHORITIES. 


fCaion.    23-1097. 

j  Caron.  23. 1097. 
'  1  Caron.  23. 1097. 
'I Caron.    23.1097. 

10'NmII.  1 
O'Neill. 
O'Neill. 
O'NeilL 
O'Neill. 
O'Neill.. 


PS.B  . 


Topsoe.    B 

S.  0.  19 

246 

Topaoe.    B 

S.  C.  If 

24t 

Topsoe-    B 

S.  C.  If 

2« 

Topsoe.    B 

s.  c.  li 

240 

Topaoe.    B 

S.  C.  If 

a4ti 

Top30B.    B 

8.  C.  If 

li4b 

Topaoe.    B 

8.  C.  19 

249 

Topsoe.    B 

S.  C.  19 

■mi 

Topsoe.    B 

S.  C.  19 

24b 

'Topaoe,    E.  8.  C.  19.  24G. 


"s  Bttudrimont.     J.  F.  P.  31. 

478. 
"Greg.    4.821. 
"  Dana's  Mineralogy. 
«i  Topsoe.    B.  8.  C.  19,  240. 
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Name. 

Formula. 

Specific 

Boiling  Melting 
Point,  1  Point. 

'  Potassium    stunnobro- 

mide. 

2  K  Br.  Sii  Br,. 

3.783- 

'  Barium  platinbromide. 

B,iBr„PtBr..lOH,0 

37I3- 

'  Bronionitric  acid. 

N  0  Br,. 

2.628,  22°6. 

'  Fhoaphoi-us  sulphobro- 

mide. 

P.  S3  Br,. 

2.2621,  17.° 

'  Ciirbou  bromochloride. 

C  CI;,  Br. 

,,058,0.-  -) 
=  017,  .9-5, 

1,842.  loo,-  ) 

104-3, 

*  Selenium  mouiodiUe. 

Sel. 

70- 

'         «        tetriodide. 

Sel.. 

75--S0? 

"Cyanogen  iodide. 

Cyl. 

I.8S+ 

"  Magnesium  platiniodide. 

Mg  Ij.  Pt  I,.  9  H,  0. 

3,458, 

"  Schwactzembergite. 

Pb  I,.  2  Pb  0. 

6.3. 

5.7. 

"  Nickel  animoiiioiodide. 

Ni  I,.  G  N  H,. 

"  Iodine  pentoxide. 

1,0,. 

5.037.  0.°  ) 

!.o»,  s..°; 

2,775,1 1.™ 

"  Cliromium  trioxide. 

CrOj. 

"             «                   n 

2,80,,;    .t.i.. 

"  Yttrium  monoxide. 

YO, 

5.03. 

™  Erbium 

El-  0. 

8.8-8.9. 

"'  Quartz.    Amethyst. 

SiO,. 

2.744.) 
2,659,; 

'=        «                 <i 

*'        «         Smoky. 

2,651,1 
2,6;8,i 

'"        (I              .1 

"        "         Eose. 

3,651,1 
2,653, 
2,658, ) 

^"          n 

'"       «           (1 

"         «          Milky. 

2,618, 

AUTHORITIES. 


iTopsoii.    E.  9.  C.  19. 240. 

nXop^ii.    B.  S.  C.  19,  246. 

^1 

'Topsoe.    B.S.C.  19.246. 

I'ljebe.    20,100B. 

68.441.              [68,441. 

»Landolt.    IS.  104. 

"Schwartzemberg.     Dana'a 

ii 

'Micliaelia.    A.  C.  P.  164. 9. 

6 

Paterno.    J.  P.  P.  (n.  s). 

"Topsoe.    B.  S.  C.  19.  246. 

68.441.              [68,441. 

5. 99. 

IS  (  Ditte.     A.  C.  Phys.  (4). 

n 

Paterno.     J.  F.  P.  (n.  a). 

J      21. 10.                 [21. 10. 

Breithaupt.  Sciiweig.J. 

5.99. 

"  (  Ditfe.     A.  C.  Phys.  (4). 

68.  441. 

Paterno.     J.  P.  P.  (n.  h). 

"  j  Zettnow.    P.  A,  143.  474. 
IB  t  Zettnow.    P.  A.  143. 474. 

68.  441. 

"Schneider.    P.  A.  129.627. 

i»Cleye&Hoeglund.     U.S. 

21 

*  Schneider.    P.  A.  129.  027. 

0. 18, 105. 

68.441. 

"  Weltrien'a     "  Zusammen- 

"aeve&IIoesluiid.     B,  S. 

•a 

Breitliaupt.  Scliweig.J. 

telludg." 

C,  18. 195. 

68.441. 
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Name. 

Specific        Boiling 
Formula.                   Gravity.       '  Point.  | 

Melting 
Point. 

'  Selenium  sulphide. 
'Bismuth  nickel  sulphide. 

SeS. 

Bij,  Nis  S,. 

3.055,  0.°  1 
3-035.  52,°; 
9.15. 

'  Silver  chlorate. 

« Lead 

*  Mercury    « 

Ag  CI  0,. 

Pb(Cl,0,),.H,0. 
Hg,Cl,0,.H,0. 

4.439- 
3-989- 
5.151. 

'  Fotaasium  bromate. 
*  Magneshnn      " 
°  Cadmium          " 

K  Br  0,. 

Mg{BrOJ.,.  6H,0. 
Cd  (Bv  0,),.  2  H,  0. 

3-758- 

\ 

Xa,  S,  0„.  2  H,  0. 
Ca  S,  0„.  4  H,  0. 
Mg  S,  Oe-  G  H,  0. 

Z.277. 
2.189. 
2.180. 
1.666. 

»  Sodium  luli  Into 

"  Yttrium 
"  EU  mm 
"  Dl  h  mium 

Xiij  S  0,. 

"(Y  SO,).  8  11,0, 
3(ErS0,).  8H,0. 
i  (Di  S  O4).  8  Hj  0. 

3-17- 
2.82. 

"  So  hum  sele  late 

™  immmium   elemte 

"Mangmnua 

""\Iigne9ic 
"Feiroia 
"Nickel  U4 
""Potis-ium    m;in„inese 

selen^te 
"  immonium  magnesium 

seleuite 

Naj  Se  0,. 
i.m,.  Se  0,. 
Mn  Se  0,.  2  H,  0. 
Mn  Se  0,.  5  H,  0. 
Mg  Se  Oj.  6  H,  0. 
re  Se  0,.  7  H,  0, 
\i  Se  0..  6  H,  0. 

MiiK,(SeO.),,2H,0 

'VIgAm,(SeO4)s.(!H,0 

3.098. 
2.162. 
2.949. 
2-334- 
1.928. 
2.073- 
2,314. 

3.070. 

2.035. 

"^  sjdium  octoi  itiadate 

^Xl  Vs  0«.  4  H,  0.    I2.85,  i8.° 

1  I  D;th!.  Z.  F.  C.  14,  Si 

A  Ditte.  Z.  P.  C.  14.3f 
sWertlier.    5.389. 

*  Topsoe.  B.  S.  C,  19,  2i 

'Topaoii.  B,  8,0.10,2' 

'TopsOK.  B.  S.  C.  19,2' 

'  TopsoB.  B.  S.  C,  19. 2' 

8  Topsoe.  B.  S,  C.  19.  & 

"Topsoe.  B.S,C,19.2' 

'"Tt^oe,  B,  S.  C.19.2 


AtTTHORITIES. 

"Topsofi.  B.  S.  C,  19.  246, 
"Topsoe.  B,  9.  C.  19,  240. 
"Topsoe,  B- S,  C.  19,  246. 
"f  Streng,  -I  Dana's 
isicasasera.  f  Minerali^ty. 
I'Cleve  A  Ho^luiid.     B,  S. 

C,  IB.  200.  [C,  18.  200. 

"  Cleve  &  Hoeglund.     B,  S,  ! 
t' Cleve  &  Hoeglnnd, 

C,  18. 200. 


isTopsOB.  B,  S.  C.  19,  24li. 

™  TopsOK.  B,  S.  C.  19.  246. 

"  Topsoe.  B,  S.  C.  19.  246. 

"Topsoe.  B,  S.  C.  19.  246. 

"Topsoe.  B.  S,  C,  19.  248. 

"Topsoe,  B.  S,  C.  19,  24fl. 

Topsoe.  B,  8,  C,  19,  246. 

Topsoe,  B.  S,  C.  19.  246. 

Topsoe.  B,  S.  C.  19,  246. 
»Camelly.C.S.J,(2).11.323 
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Name. 

Formula. 

Specific  Gravity. 

Boiling!  Melting 
Point,  i    Point. 

'  Silver  oetovanadate. 
^  Thallium  orthovanadate 
'         "        meta  vanadate. 
'        "        pyro  vanadate. 

•^        "        oetovanadate. 
'         "        deca  vanadate. 

TI3  V  0,. 

nvOj. 
Tl.  V,  0,. 

T1„V,0^. 
Tl,5  V,„  0,,. 

5 

6 
S 
8 
8 

7 

6;,  18." 
6.  17.° 
019,  11.° 

21,l8?5.F«"P"lcd 

812,18%  f'^^- 

86,  17.° 

} 

*  Potassium  hydrogen  ar- 
KCnate, 

K  H,  As  0.. 

2.862. 

'  Sodium  antimonite. 

NaSbOj-SH^O. 
NaSb,05.H.,0. 

2.864, 
5.05. 

,1 

1'  CI,.  S  0,. 

1.667,  14.° 

,<».• 

"  Potassium,  manganidcy- 

anide. 
"  Cyanic  acid.                 1. 

"  Hydrocyanic  acid. 

"  Hydrosulphocyanic  acid 

K3  rv,  Mn. 
Cy  H  0. 

Cy  H. 
Cy  H  S. 

1.821. 
1.1558,-20.=! 

1.140,0.°  ; 
.710,6." 

.706,  2°8. 

-7058, 7.=  I 
.6969, 18.°; 

1.0082. 

j6?s. 

s.— 15.° 

"  Zinc  and  calcium. 

^  Zinc  and  antimony. 
^  Lead  and  platinum. 

Zn,,  Ca. 

Znj  Sb^. 
Pb  Pt. 

6.3726.1 
6.369. 1 
6.48. 
15-77. 

AUTHORITIES. 


'  Camelly. 

C.S.J 

(2).  11. 

'Camelly.     C.S.J.  (2).  11. 

"Cooper.     P.  A.  47.527. 

323. 

323. 

"    GayLi^ssac.    A.  C.  Phys. 

'Camelly. 

c.  e.  J 

(3).  U. 

'Topaoi!.    B.  S.  C.  19.  246. 

95.136. 
'8    Gay  Lussflc.    A.  C.  Phys. 
95. 136. 

323. 

'Terrell.    19.214. 

'Camelly. 

C.  S.J 

(2).  11. 

"  Terrell.    19.214. 

323. 

"Kremera.    2.245. 

i^Clasen. 

•  Camelly. 

C.S.J 

(2).  11. 

"TopsoB.    B.  8.  C.  19.  2«. 

"Torrett.    P.  T.  1814. 548. 

323. 

"    Troostand  Hautefeuine. 

"Meitzendorff- 

'Camelly. 

C.  S.  J 

(3).  11. 

21.314. 

"fV.Eath.  Z.F.C.12.6eS. 
"tv.  Rath.  Z.F.C.12.6C5. 

323. 

'■■'  Troostand  Hautefeuille. 

'Camelly. 

C.S.J 

(2)-  11. 

l     21. 314. 

"Cooke.    7.359. 

323. 

"  Trautwein. 

=>  Bauer.    Z.  P.  C.  H.4S. 
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Name. 

Formula. 

Sp 
Gra 

cific 

vity. 

Boiling  Point. 

Melting 
Point. 

'  Tin  and  copper.* 

Sii,  C«. 
Sii,  Cu. 
Sn3  Ou. 
Sn,  Cu. 
Sn  Cu. 
Sn,  CUj. 
Sn  Cu,. 

7-52- 
7.50. 
7.53- 
7-74. 
8,12. 
8.30. 

•       u          il                 1, 

Sn  Cu,. 

8.q6. 

, 

Sn  Cu.. 

K.80. 

Sn  Cu^. 

8.S7. 

"       ((          «                 0 

Sii  Cug. 

8.91. 

Sn  Cu,. 

8.«>. 

Sn  Cua. 

8.85. 

Sn  Cui„. 

8.S-,. 

Sn  Cui5. 

8,  So. 

"■  Hcxyl  hydride. 

c,  H„.  n. 

.6620,  i9°5.1 
.664.,  iS.=  I 

65--70.- 

-Heptyl       .. 

C,  H.,.  H. 

.689,  27." 

96,° 

M         " 

.69(0,  i9.°-l 

.6915,  IS.-; 

97"-99-° 

''  Dimethyl  diethyl  meth- 

T^' 

C,  H,, 

:6958,  2o?s. 
.709,  16.= 

89°  5-90.°  Pimples 

«  Octyl  hydndc. 

C,II„.H. 

.7207.  15=5- 

'22°-' 25-° 

"      fl             li 

.7165.  i5°6. 

ll8°-I2Z.' 

''Nonyl      « 

C  H„.  H. 

■7279.  J3'^y 

I47''-I48.= 

''Decatyl    " 

Ci„  II„.  II. 

■7394.  13^5- 

i66°-i68.° 

=>  Hexylene. 

0,  H,j. 

.6996.  o.» 

65°-66.' 

^           « 

.6997,  0.° 

65"-^." 

''  Phenyl  butvlene. 

C,„H,, 

.9015.  is°5. 

176=-.  78." 

'"  Benzyl  toluol. 

0„IIh- 

.995,  '7°S- 

279''-28o.° 

AUTHORITIES. 


Riche. 

23.1100 

Riche. 

33.110c 

Blche. 

23.  HOC 

lUohe. 

23.  HOC 

Riche. 

23.  not 

Riche. 

23.  HOC 

Riche. 

23.  HOC 

Riche. 

23.  HOC 

Eiche. 

23.  IKK 

Kiche. 

23.  HOC 

Riche. 

23. 110( 

Riche. 

23. 1101 

Riche. 

23.1100 

■Riche.  23.1100. 
'Riche.  23.1100. 
'  ( Thorpe  &  Young.  A.  C. 
<  P.  165. 1.  [P.  165. 1. 
'  (  Thorpe  &  Young.  A.  C. 
^Ladeabuig.  B. 8. CIS, 548. 
>  (  Thorpe  &  Young,     A.  C. 

J  P.  Iti5. 1.  [P.  165. 1. 
'  (Thorpe&Young.  A.  C. 
'  Schorlemmer.      A.  C.   P. 

166. 173. 
'Schorlemmer.      A.  C  P. 

166. 172. 


"Tliorpei  Young.   A.  C.  P. 

165.1. 
"  Thorpe  &  Young.    A.  C.  P. 

165.1. 
5*  Thorpe*  Young.    A.  C.  P. 

165. 1. 
«Thorpe&Young.    A.C.P. 

166.1. 
"  Hecht.     A.  C.  P.  165. 146. 
=8  Hecht.    A.  C.  P.  165. 146. 
''Aronheim.     B.  S.  C.   19. 

258. 
"Zincke.    A.  C.  P.  161.03. 
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Name. 

Formula. 

Specific 

Boiling 
Point. 

Melting 
Point. 

'From   cupric   Ciunpho- 

rat«. 

C,  H„. 

105.° 

'  Mac«ne. 

<-■!•>  H,^. 

■8539.  I7-5- 

160.° 

'  atronyl. 

.857- 

165.- 

'Oilof  bergamot. 

.856. 

183-= 

'      "     oraiijie. 

■835- 

180.° 

*  From  copaiva. 

C,s  Hj.. 

.885. 

250." 

'  Petrolene. 

" 

.891. 

280.° 

"Ethyl  alcohol. 

C,  H„  0. 

■7958,  IS." 
.8083,0.-    I 
■7157.  99°9.i 

"      "             " 

.832,  20.° 

79.° 

"      «              a 

.8090,  17.° 

78?S3. 

79481,  n." 

78.° 

"  Propyl     « 

Cj  Hs  0. 

-8198,  o." 
.812;,  9?6. 
.7797.  So^i- 
■7494.  84.° 
.8066,  15." 
7876,  16." 

98,- 

97°4i- 
82-85. 

=°  Hydrate  of  isopropyl 

aleoliol. 

|C,H„0),.H.,0, 

80.- 

'1            r,                       n                1, 

(C3H„0),.2H,0.  .832,  15.° 

78--8o.'> 

"            a                      «                cc 

(C,H,0)„H,0. 

,800,  15.° 

81. ° 

^'  IVimethyl  carbiiiol. 

C.  11,0  0. 

.7788,  30.°1_ 
-8075.  0."  i 

82^5. 

25»-25-S. 

.. 

82-94. 

"  Hydrate  of  the  above. 

(0,H„0),.H,0. 

.8276,  0.= 

8o.» 

"  Butyl  alcohol.  Normal. 

C,  H,„  0. 

.8112.15.- 

ii4'-ii6.» 

^      «           «              .. 

" 

.8135,  22.= 

116-88.= 

»      "            "                Iso. 

" 

.8025,  19.° 

Ii8'-ii9.- 

AUTHORITIES. 


'Moitessier.    19.410. 

"  Krloiiniever.    A.  C.  P.  102. 

"  Linneniann.    A.  C,  P.  IS6. 

'Schacht.    15.461, 

374. 

40.                                   [40. 

»Blanchet&SeIl. 

iJ 

Pierre  &  Puchot.     A.  C. 

"  Linnemann.    A.  C.  P.  186. 

'Ohme.    A.  C.  P.  31.316. 

Phva.  (4).  22. 276. 

""(Butlerow.  Z.F.C.1-1.273. 

i& 

Pierre  &  Puchot.    A.  C. 

»  1  Butlerow.  Z.  F,  0. 14. 273, 

sSoabeiran&Capitaine. 

Phvs.  (4).  22.  276. 

»  Linnemann,     A.  C,  Phvs, 

i< 

Pierre  A  Pucliot.     A.  C. 

(41,  27.  268. 

"Mendelqeff.    13.7. 

Phys.  (41-  22.  276. 

"Butlerow.    Z.  F.  C.  14. 2T3. 

•  ;  Mendelejeff.    14,20. 
MlMeiidelejeff.    14.20. 

11 

Pierre  &  Pnchot.     A.  C. 

"Linneroann.     A.  C.  Phys. 

Phya,  (4).  23.  276.    [26. 

(4).  27.  263. 

"  Pierre  and  Puchot.    A.  C. 

»  Linnemann.     A.  C,  Phvs, 

Phys.  (4).  22.260. 

"  Linneniann.    A,  C,  P.  161. 

(4).  27.  268. 

'2  Linneniann.    A.  C.  P.  160. 

18,                                       [40. 

195, 

M 

(4).  27.  268. 
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SPECIFIC  GRAVITY  TABLES. 


Specific 

Boiling 

Melting 

Name. 

Formula. 

Gravity. 

Poim.^ 

Point. 

'  Dimethyl  ethyl  carl>iiiol. 

C^  III,  u. 

.828,  o.- 

99°-ioo° 

s.— 30-" 

■'  Aniyl  alcohol. 

.S148,  14." 

;£:} 

.8199,  14.° 

«       « 

.826,  0." 

130=-!  30=2, 

=       «            fl 

.833,  0." 

'          0                   (C 

.8244,0-°     ■) 

.8144,  15-°    [ 

IZ9=-I30°I. 

'     "        11 

.8263!  0."    ■) 
.8123,  i9°7.| 

'»      n            li 

"  Dimethyl  pseudopropyl 

carbinol. 

Cb  H„  0. 

.8364,  0.° 

n2'>-ii3.- 

S-— 35-° 

''  Hexyl  alcohol. 

.8306,  0.= 
.8266,  o." 

135-°)     T«,> 

135.°!  Samples 

»  Triethyl  carbinol. 

0,  H,s  0. 

.8593,  0." 

140'-!  42.° 

"  Butyl  oxide. 

Cj  H,B  0. 

.784,0.=     ■) 
.76S5.  20.°  ^ 
■755S,  40."  ) 

140=5. 

"Acetic  add. 

C,  H.  Or 

1,0026,  20.° 

(17.° 

11 8^1 0. 

i6-ii. 

™  Propionic  acid. 

C,  lis  Oj. 

-9961.  19.° 
1-0.43,0,"   ■) 
,9607,  49°6.  \ 
.9062,  99?8.) 

140^71. 

■"         «            .. 

146?5. 

=s            «              u 

n 

» Butyric         <■ 

""           1.            .             Iso. 

C.  Hj  0,. 

,9580,  14.° 
,9601,  14.° 
.9503.  20,° 
-9697.  o,"      1 

I62?32, 

162-63. 
i54';ii. 

»"           !!             I 

.9160,  52°6. 
.8665,  99';S. 
.8220,  13998, 

155=5, 

AUTHORITIES. 

iBmiolaien.     Z.  P.  C.  14. 

"  Heeht.     A,  C,  P-  165. 146. 

"/Kerre&Puchot.   B.S.C. 
I     18.453. 

275. 

"Naliapetian.      Z.  P,  C.  14. 

274. 

«  Linneinaiui.    A-  C.  P.  100- 

"  \     From  two  sources. 

15 

Liel)en&Roaai.    A.C.P. 

195. 

'Pierre and  Puchot.     A.  C. 

165- 109.           [165. 109. 

Phys.(*).  22.336. 

It 

Lieben&Eossi.    A.C.P. 

(4).  27.  268.          (4).  27. 268. 

6LeBei.    Z,  F.  0. 14.471. 

LiebenfiBosai.    A.C.P. 

165  109 

27 

Kerre& Puchot.  B.S.C. 

'JErlenmeyer&Hell.     A, 

19. 72. 

s       C.  P.  160.  257. 

I'Linneniann     A  C.  P.160. 

m 

Pierre&Pucbot.  B.S.C. 

»           Different  products. 

115                                [195. 

19.  72. 

""  Lmnemann     A  C.  P.  160. 

Pierre&Puehot.  B.S.C. 

"Prianichnikow.      Z,  F,  C. 

"  f  Pierre  &  Puchot.  B.  S.  0. 

19.  72. 

14.  275. 

■1      18  453                18-453, 

so 

Pierre&Pucbot.  B.S.C, 

"Hecht,    A.  C,  P.  165. 146. 

K 

Pierre  &  Puchot.    B.S.C. 

IS.  72. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point, 

Melting 
Point. 

'  Valeric  acid. 

Cj  ir,o  0,. 

■9331.19  5-°J 

j 

'73?5-i74°5 

1 

" 

,9465, 0.°      ■( 
,9385, 20';2.''j' 

i7i°S. 

1 

«        I         I 

.9468, 0,"     I 
.9295,  ig^?-") 

i7.M72.=  ) 

«   ;    I 

,9462, 0."     1 

.7..^          1 

.9470,  0.° 
.8972, 54=65. 
.8542,  99°9. 

1"        "         fl 

<i 

" 

178.° 

-809s,  i47°5v 

"Caproio    « 

G,  H„  0,. 

204''5-205.'' 

"  Oenanthic  acid. 

C,  H,.  0,. 

2  22  "-224.° 

s. — io?5. 

"                 IC                      11 

.9212,  24.° 

223^-224.'= 

-8?s-i8.o 

"Pelai^onic    " 

C,  III,  0,. 

.9065,  i7-° 

2S3°-2S4-° 

s.  10'— 

"  Acetic  aiiLs'dride. 

C,H,0, 

1.0793,  15.° 

"  Ethyl  acetate. 

Oi  Hj  0,. 

.868,  24." 

74.° 

"        u 

,cp68,  i5,» 

77." 

="  Propyl      .1 

C,  H.„  0,. 

.8992,  15-° 

lOl^gS, 

"  Butyl        « 

C,H,0,. 

.8768.  23.' 

i24°36. 

•'■'  Hexyl      « 

Ob  H„  0,. 

.889. 

i68°7. 

"  Ethyl  propionate. 

O5  H,„  0,. 

.8945,  17." 

98=80. 

W         1,                     „ 

" 

.8964,  1 6.= 

98°84. 

^  Propyl         I. 

C,  Hi,  0,. 

■8885,  13.° 

I22'44. 

^  Butyl 

C,  Hi,  0.. 

8828,  15.0 

I45°gg. 

='  McUiyl  butyrate. 

C,  H,„  OJ. 

9056, 0.=       ■) 

™       1, 

1. 

8625,  38^65.  [ 

93-'' 

=*       II             « 

n 

8r;,  78°6.     ) 

'"  Ethyl 

Ce  H„  Oj. 

9003.  i8-° 

I2,?07. 

-       .1 

" 

S990,  17.° 

I21?09.- 

AUTHORITIES. 


Erlenmeycr  &  Hell.     A. 

'SFranchimont&Zincke,  A, 

C.  P.  163. 193.               [410. 

"Schorlemmer.    E.S-C.  19. 

isFranchimont.      A.  C.   P. 

195.                               [195 

165.  337. 

"  Linnemann.    A.  C.  P.  160 

'^Linnemann.    A.  C.  P.  161 

Chem,  N,  25.  57. 

32.                       [(4).  27.  268 

™  Linnemann.     A.  C.  Phya 

Pierre  it  Paohot.   B.S.C. 

"Leblano.     A.  C,  Phys.  (3). 

Pierre &Puchot.   B.S.C 

19.  72.                  [10. 72. 

10. 198.                         [195. 

19.72.                  [19.72 

Pieire&Puchot   B.S.C. 

Pierre &Puehot.   B.S.C 

11 

Pierre  A  Pucliot.   B.S.C. 

la 

Pierre&Puchot   B.S.C 

19.  73. 

SO. 

19.72. 

la 

Pierre APuchot.   B.S.C, 

='  Linnemann.     A.  C.  Phys. 

">  Linnemann.  A.C.P,1U0.195 

19.  72. 

(4).  27. 208. 

31 

Linnemann,  A,C.P.1G0.195 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Ethyl  butjTate. 

Oj  II,,  0,. 

.890,  o."          1 
.871.  18=8.      1 
.S3!,  55?6.      [ 
.7794,  ioo?i.J 

113." 

»        u                « 

''  Propyl       « 

C,H„0, 

.S789,  15.= 

I43?42- 

» Butyl         " 

c,ii„o. 

.8719,0." 
.8760,  12." 

i64?77. 

'  Isobutyl    « 

.86635,  16." 
.81838, 9394. , 

i5o°-iS3.° 

"      "          isobutyrato. 

.87519,0."   \ 

.86064,  1 5-°    ^ 

■'         a 

i44=-i45.° 

'*      ii                  (1 

.81192,  98?4.) 

"  Ethyl  valerate. 

0,  H„  0,. 

.894.0.°     ) 

1,      "           " 

.8765, 20," ; 

.8616,40.°) 

i44='6. 

"      «     caproate. 

C,  H,s  Oj. 

■8765,  i7°S- 
.8898,  0."  ) 
.8732,  30.=  \ 
.8594.40-°) 

164=9-1 6599, 
i65'?5-i66.° 

n       I            I 

.887,  o."      ) 

.870;,  20."  [ 

160^4. 

^      «             « 

.8566,40.") 

"Hexyl       « 

C„  H„  0,. 

.865. 

245?6. 

"Ethyl  heptylate. 

Cs  Hi,  0,. 

.874.  24-° 

i87''-i88.'' 

•«  Slethyl  nonyIat«. 

C,„  IL,  0,. 

.8765.  17^5. 

2I3''-2I4.'' 

''Ethyl 

Cu  H„  Oj. 

.8655,  i7?5. 

227=^228.° 

™  Propionic  aldehyde. 

C3  H,  0. 

.8074,  21." 

48?77. 

™  Butyric            «        lao. 

C,  H,  0. 

.803,  20." 

6o''-62.'' 

'^  Valeric             n 

C;  H,„  0. 

.768,  12=5. 

92=5. 

AUTHORITIES. 


i 

Pierre  &  Puchot.     B.  S. 

10  f  Grunzweig.  B.S.C.  18.125. 

"  (Lieben& Rossi.    A.C.P. 

C.  19,  72. 

" 

Grunzweig.B.3.C.  18.125. 

K  I     165. 118. 

Pierre  &  Puchot.     B.  S. 

Grunzweig.  B.S.C,  18.125. 

»(       Another  sample. 

C.  19.  72. 

Id 

Grunzweig.B.8.C.  18,125. 

"  Franchimont  and  Ziticke. 

Pierre  &  Puchot.    B.  S. 

Lieben&  Rossi.    A.C.P. 

Chem.N.  24.263. 

C.  19. 72. 

105. 109.           [1G5. 109. 

''Francliimont.      A.  C.  P. 

Pierre  &  Puchot.     B.  S. 

Lieben&Eossi.    A.C.P. 

165.  237. 

C.  19.  72. 

u 

Lieben&  Rossi.    A.C.P. 

»  Zincbe  &  Francliimont.  A. 

165.109. 

C.  P.  164.  333. 

33. 

"Franchimont&Zincke.  A. 

"ZinclteAPrancliimont.  A. 

"  Pierre  and  Puchot.     A.  C, 

C.  P.  163. 103. 

C.  P.  184.  333. 

Phys.  14).  28,  303. 

LiebenAHossi.    A.C.P. 

"s  Liiiueiiiann.    A.  C,  P,  101. 

165. 118.           [105. 118. 

23. 

(4).  27,  268, 

IV 

Lieben  &  Rossi.    A.C.P. 

^  Linnemann.     A.  C.  Phvs. 

«  f  Gruiiiweig,  B.S.C.  18.12,'!. 

at 

Lieben  &  Rossi.    A.C.P. 

(4).  27.  208.                   [510. 

•t 

Grunzweis.  B.S.C.  18,125, 

165. 118. 

™  A.  Schroder.     Z.  F.  C.   14. 

SPECIFIC  GBA  VITT  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Valeric  aldehyde. 

0,  H,„  0. 

90=5-91." 

'  Poly  valeral. 

(Csn,„o)„. 

.90. 

215.° 

'  Acetone. 

C,H,0. 

.8oo3,  15.° 
.7938,  i8.= 
■7975.  15° 

56'-59-° 
56=-58?s. 

'  Propione. 

C,  H„  0. 

.813,  20.° 

(0O=-10I.° 

'  Ethyl  acetone. 

.815,  «7?5- 

IOO=-.-102.= 

=  Butyrone. 

Ca  III,  0. 

,819,  20," 

'44-° 

'Ethyl  propyl  ketone. 

.818,  i7?5 

I23=-I2S.= 

■"  Valerone. 

C,  Hi.  0. 

,833,  20." 

i8i°-i82.'' 

"  Methyl  caprone. 

.813.  zo." 

i5S=-iS6.° 

"  Methyl  amyl  acetone. 

« 

.8747.  17.'' 

143°'I45-'' 

"  Diethyl 

Cl 

,898,  12.= 

18295. 

■'  Caprone. 

Cs  H,6  0. 

.822,  20." 

220°-2ZI-'' 

"Malonicacid. 

C,  H,  0.. 

140.° 

«  Lactic 

C,  IT,  0,. 

1-2485.  IS-" 

"  Methylaalicylic  acid. 

C„  U,  Oj. 

i..845.i5.° 
1.1969,0,=  1 

1.1819,  i6.-r 

223-° 

'"Butyl  carbonate. 

C,H„0,. 

.9407.  o-"  ") 
.9244.  20.=  V 
.9111,40.=  ) 

.0,.' 

'^  Ethyl  subcrate. 

c,,  n,j  0,, 

.99'.  15-° 

233=-235.° 

"  Ethyl  benzoate. 

C,  11,0  0,. 

1.0502,  i6.° 

211°l6. 

^  Propyl 

C,„  H„  0,. 

1.0316,  16.= 

229947. 

'»  Buty! 

C„  H,.  0,. 

1. 000,  20.' 

247?32. 

"  Cetyl 

C^  H„  0,. 

3°-° 

"'Methyl  propargylate. 

C^  H^  O. 

.83.  12=5. 

61  =-^2." 

»  Amyl 

C.  H,.  0. 

.84,   12." 

1 40'- 145  = 

*•  Methyl  igopropylsalicy- 

late. 

Cu  H|4  Oj. 

1.062,  20." 

250.= 

"  Methyl  pyruvate. 

C,II,0, 

1.154.0.° 

134"- '37.° 

AUTHORITIES- 


"Geatber,      J.  F.  P.  (ns).  6. 

iSHell.    B.  8,  C.  19. 365. 

P.  160.  257. 

160. 

'Wantlyn.    22.630. 

•'Sclimidt.     B,  S  C.  18.  331- 

195. 

»B(endelejeffi,    13.7. 

"  Deasaigiies.     A.  C.  P.  107. 

"  Linnemann.    A.  C.  P.  161. 

251. 

i*Meiidelejeff.    13.7. 

soLinnemann.     A.  C.  Pbj-3. 

•Schmidt-    B.  8.0.18,321. 

(4).  27. 268. 

'  PopofE    A-  C-  P.  161.  286. 

"  j  Kopp.    18. 
"iKopp.    18. 

«Beeker.    A.  C.  P.  108.  219. 

«  Schmidt.    B..S- C- 18.  321. 

•Popotr.    A.  C.  P.  161.  285. 

"1  Ueben&Rosai.    A.  C.  P. 

232. 

••Schmidt.    B.  S.  C.  IS,  321. 

165.109.           [166.109. 

■1    Lieban&Eosd.    A.C.P. 

232- 

""  Grimshaw.     -A.  C.  JP.  166- 

«!    Lieben&Eosai.    A.C.P. 

»>  Kraut    22-566. 

J63. 

165.109. 

"Oppenheim.  B.S.C-10,3&*. 
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SPECIFIC  GRAVITY  TABLES. 


Specific 

Boiling 

Melting 

Name. 

Formula. 

Gravity. 

Point. 

'  Ethyl  diethylglycoUate. 

CsH„0, 

.9S. 

i75°-i76-° 

'  Pyruvic  acetate. 

C,  H,  0,. 

1.053,  lI-° 

175. 

'Cocmin. 

C„  U^  0^. 

33?5.s.29?3. 

'Ethyl  glycide. 

QH,,0, 

■94,  1 2-° 

methyl  ally]  oside. 

C.  H,  0. 

■77.  11." 

46.° 

*  Propargylic  alcohol. 

Cj  H.  0. 

.9628,  21." 

iio°-ii5^° 

'  From  valeral. 

O^H^O,. 

.895— -900. 

26o°-2go.° 

«  !      I 

C,»  H,s  0. 

.862,0.°  ) 
.848,  20,°| 

195.° 

'»  «      « 

« 

■944.  0.^ 

190,= 

"      "      diethyl  acetone. 

C^  Hj,  0,, 

.934.   1 2.° 

249.° 

"  Butyrone  pinakone. 

C„  H„  0,. 

.87.  20.= 

68.°  s.  57.» 

"  Butyl  phenyl  ketone. 

C,i  H„  0, 

■993.  i7^5. 

225°-226.° 

"  Benzyl  auisol. 

Cu  H,.  0. 

r.073,  0.°  \ 
.993.  100.°) 

305-° 

'*  Anbic  alcohol. 

1.1093,26.=  1 
r.0507,  100.°) 

258?8. 

25.° 

'*  Methyl  saligenine. 

1.1200,23.°  "t 
1.0532,  100.°; 

247°5- 

*  Thymol.  FromAjowan 

oil. 

QoIIuO. 

.939,  25^5. 1, 

226." 

a-" 

"  Isomer  of  terpinol. 

C^  11,.  0,. 

-853- 

157.° 

^'  Inulin. 

C.H,0, 

1.470- 

"^  laobutyl  cyanide. 

C,  H,.  Cy. 

.8226,0.=   ) 
.8146,  10.° 

«         I,               11 

« 

ise'-iss." 

's 

.8060,  30.°  ) 

Propylamine. 

C,II,N. 

.7186,  20,° 

49.° 

"  Butylamine. 

C,  Hi,  N. 

.7401,  20.° 

76''-77.o 

Iso. 

■7357,  iS-° 

67=5. 

"  Trimethyl   carbinola- 

« 

.6987.  15.= 

45°-46.° 

AUTHORITIES. 


IL.  Henry.     B.  8.  C.  19.  212. 

"(Patemo,    B,  S,  C.  18,  77, 
"IPaterno.    B,  S,  C.  18,  77- 

"  f  Erlenmeyer  &  Heli.     A. 

!L.  Henry,    B.S.C.  19.219. 

C,  P.  160.  257, 

'Duffy.    5.511. 

"  rCannizzaroand  Koerner. 

it 

Erlenmeyer  &,  Hell.     A. 

'L.  Henry.    B.  S.  C.  18. 232. 

j     B,  S,  C.  18, 132. 

C, P.  160, 257. 

eL.  Henry.    B.  S.  C.  18. 232. 

"  i  Cannizzaro  and  Koerner. 

Erienmever  &  Hell,     A. 

•L.  Henry.    B.S.C.  18. 236. 

y     B.  8,  C.  18. 132. 

C.  P.  160.  357. 

I  Pott.    B.  8.  C.  la.  244. 

J^Linnemann.    A.  C.  P.  161. 

«_fPott.    B.  S.  C.  18.  244. 
»  I  Pott.    B.  a  0.18.  244. 

B.  8.  CIS.  132. 

18, 

=>  Linnemann  A  Zotta.     A. 

"Eiban.    B.S.C.  18.64. 

1.     B,  S.  C.  18, 132. 

C.  Phya,  (4).  27,  275. 

"Getither.     J.  P.  P.  (ns).  6. 

^  Haines.    9,  623, 

160. 

n  Anderson.    22,780. 

(4),  27.  268. 

"Kurfa.    A.  C.  P.  161,  205, 

"Dragendorff.    22.748. 

"  Linnemann.     A,  0.  Phya. 

"Popoff.    A,  C.  P.  163. 151, 

4),  27.263. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Fonnula.    | 

Specific 
Gravity. 

Boiling  ^ 
Point. 

Mehing 
Point. 

'  Tributylaiiiiiie. 

0,5  H,,  K.       .7 

"               .7 

677,  40.°  J 

211°-215,' 

'Dimethyl  .aniline. 

C,  H„  K.       .9 

553. 

'93-° 

s.  o?S. 

^        a          loluijiue. 

C,  H,3  N.       ,^ 

334- 

186.=  ■] 

,5 

363. 

,.j  0     Different 
2'^5-^    Samples. 

*  Cuinidine. 

(>33- 

225=_227.'' 

'  Dimethyl  xylidiiie. 

C,„  H„  N.      -s 

293- 

196." 

">        «          cumidiiie. 

C„  lii,  N.      .5 

076. 

aiS^-SH-" 

"  Coniine.    Artificial. 

C3  His  ^-       ■=■ 

42, 90."  J 

i68°^i7o.° 

"        "          Natural. 

£ 

73..S.V 
11,90.") 

•«        I                  "« 

.8 

168." 

^'  Paradiconiine. 

C..H„N.      -s 

15, 15° 

a.  210. 

"  Methyl  formamide. 

CHjNO.     I 

OH.   19.' 

190.° 

"  Ethyl 

C,H,  NO.     .g 

52,21.' 

196°-!  97.= 

=*  Diethyl         « 

CsHiiNO.    .5 

1 75°- 178.° 

^  Allyl  nitrate. 

CsHsNOj.     I 

09,   10,° 

106.° 

"Ethylene  dinitrate, 

CHjNsOs.     I 

4837,  8." 

=»        «                «           (?). 

48. 

'^  Propylene      « 

C,H,S,0,.    I 

33S.  5  ° 

'^  Mononitric  glycol. 

C,H,NO,.    I 

31-  11-° 

"^  Acetonitric      « 

C,H,NO,,    I 

29.  18." 

""  NitTolactic  acid. 

C,ir,NO,.    1 

35.  12^8. 

^  Ethyl  nitrc^lycollate. 

C4H,N0,.    1 

2112,  15=2. 

180"- 182.° 

"      "     nitrolactate. 

CjIisNOs.    I 

1534,  1 3-° 

178,  p.  d. 

"*      11     nitrotartronate. 

C,H,.NO,.    I 

2778,  i6.°l. 

4S''-46.' 

"  Diethyl  nitromalate. 

0,H„NO,.    I 

2094.  16." 

AUTHORITIES. 


1  riJebenA;  Rossi.     A.C.P. 

■niofmann.   Chem,  S.  27. 1. 

=»  Champion.  Z.  P.  C,  14, 470. 

165. 109. 

■■fSohiff.    A,  C.  P.  166.  SS. 

"L,  Htiiry.   A,C.  Phye.  (4j. 

LiebenAItoasi.    A.C.P. 

1. 

Schiff.    A.  C,  P.  1C6,  88. 

27.  243.                       [27,  24S. 

165. 109. 

Schiff.    A.  C,  P.  166.  88, 

»  L.Henry.   A.  C.  Phys.  (4). 

i 

Lieben&EoBsi.    A.C.P. 

Schiff,    A.  C,  P.  166.  88. 

«L.  Henry.   A.C.  Phys.(4j, 

165. 109. 

'" 

Schiff.    A,  C.  P,  166.  88, 

27.243. 

*  Hofinann.    Chem.  N.  27. 1. 

Schiff.     A.  C,  P.  166.  88, 

"  L.  Henry.   A,  C.  Pliys,  (4). 

"    Hofinann.       Chem.   N. 

"Schiff.    A.  C,  P.  166.83. 

28.415.                       [28.415. 

27. 1                      [27. 1. 

"' Linnemann.    22.601. 

=«L,  Henry.   A,  C.  Phys.  (4), 

•    Hofmann.       Chem.    N. 

''L.Henry.   A. C. Phys,  (4). 

'    Hofmann.       Chem.    N. 

"Linnemann.    22,602. 

28.415.                    [28.415. 

27,1. 

«iL.  Henry.    B.  S. CIS. 232. 

"•L.  Henry,   A.  C.  Phys.  (4). 

=  irofniann.    nicm.N.27.1. 

==L.  Henry.   A,C.Phya,(4). 

"L.  Henry.   A.  C.  Phys.  (1). 

" 

iofmann.    Chem,  K.  27. 1. 

27,  243. 

28.415. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Paraffinic  acid. 

C,s  H^  NOio. 

1.14,  15.° 

"  Acctonitrose. 

C,  H„  NO,,, 

1.3487,  18.= 

145.° 

'  Propyl  chloride. 

C,  H,.  CI. 

.9160,  18.° 
.8959,  19.° 

46=36 

46^44. 

'      «              «             Iso, 

.8722,  H," 

36°~37,'' 

*  Butyl           1. 

C.  11;,.  CI. 

.8972,  14.° 

77''96. 

'        «                  .•                 ISO. 

.8798,  .5." 

m°s. 

"Heptyl 

C,  H„  01. 

r4o'>-i42.'' 

•Nonyl 

C,  H,B  CI. 

.3962,  14.° 

190=-198.= 

'°  Isoviiiyl      " 

C,  H,  CI. 

1.406. 

"  Propylene  chloride. 

Cj  H,  CI,. 

1.1656,  14." 

;:;s;:;=}| 

96?82. 
96.0 

'^Methylchloracetol. 

C,  H„  CI,. 

1.1058,0.= J. 

"         '<               « 

=»         «               « 

« 

1.827, 16." 

&f.6g. 

>'  Trichlorhydnn. 

Cj  Hs  CI,. 

1,40,8.° 

155," 

23 

<' 

1,41,0.' 

154"-!  57° 

1,417,  i5-° 

i54°-i59.° 

3 

"  Dichloracetone  chloride 

Cs  H,  a,. 

147.  la-" 

'53-° 

"Trichloracefone      « 

C,H,CI,. 

i94-° 

"Trichlortoluol. 

C,  H,  C%. 

227''-22S,= 

^  From  crotonic  aldehyde. 

C,H,C1,. 

1.I31. 

125=^127.° 

™  Monochloracetone. 

C,  Hj  CI  0. 

11 8°-!  20.° 

"  Monoxethy!  ehlorhydrin 

C(  H„  CI  0,. 

1.117,  ii-" 

iS3°-i85.' 

AUTHORITIKS. 


'  Champion  &  Pellet.    B.  S, 

"  Linnemann.    A. 

CP.iei, 

»>  Linnemann.     A,  C.P.  ICl. 

C,  18,  247. 

18. 

18, 

'Colley,     B,  S,  C.  19,  406, 

Friedel&Silva, 

Z,F,  C, 

"  Berthelot  &  De  Luea.    10 

»Linnemann.|A.  C.P.161. 
'Linneniann.  1     38and39. 

14.  489. 

[14,489. 

477. 

la 

Priedel&SilTa. 

Z,  F.  C. 

^  f  Linnemann.      A,   C.  P. 

s  Linnemann.    A.  C.  P.  IGl. 

Friedel  &  Silva, 

Z,  P,  C, 

«  \     136,  5L 

18. 

14.  489. 

[14.489. 

"  (Three  different  products. 

"linnemann.     A,  C,  Phy3. 

lo 

Friedel  fiSilvfl. 

Z.  F.  C. 

"SBorsche  and  Fittig.      18. 

Friedel  ASilva. 

Z.F.C. 

313. 

'Linnemann.  A,O.P.162,l, 

14. 489. 

[14. 489. 

"Borsche  and  Fittig.      18. 

'Sctorlemmer.  A,  C.  P.  160, 

Friedel  &  Silva. 

Z.  P.  C. 

313, 

172. 

rK 

Friedel&Silva. 

Z.  F,  C. 

«  L,  Henry,    22,  508. 

»  Thorpe  &  Young.    A.  C.  P. 

14.489. 

"Kekuie.    22.507. 

165. 1.                           [308, 

Friedel  &  Silva. 

Z.F,C. 

"L.Henry.    B.  S,  C.  19.219. 

'OBaumann.     A.  C,  P.  163. 

14,  489, 

S"  L.  Henry.     B.  8.  C.  18.  232, 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Dichlorethoxylethylene. 

C.  Hj  Cl„  0. 

I.oS,  lO? 

I2S°2. 

'  Tetrachlorethyl  oxide. 

C.  H,  CIs  0. 

189^7. 

'From    tetrachlorethyl 

oxide. 

C,H,C1,0. 

3725.  o-       I 
2354.  99''9-I 

154^8. 

*     «                1            » 

« 

''Trichloracetal. 

QHiiasO,. 

2813,  0.° 

2655,  2Z?2. 

i6i7,99?96,J 

2o4':'8. 

*  Chlorovaleral. 

Cj  II,  01  0. 

108,  14.° 

134"-!  3  5-° 

*  Derivative  of  valeral. 

C;„H„C1,0. 

397.  1 4-° 

203  -304.° 

lo            .■              »          cc 

C,.H,„C1.0. 

272,  14.° 

208°-2IO.' 

"  Aeetylchloralalcoholate 

C,H.C!,0,. 

327,  ii.° 

!98.° 

"  Trichlorpheiiomalic  acid 

C,H,Cl3  0,. 

5- 

■'  Metttchloraalicylic  alde- 

hyde. 

C,  H,  CI  0, 

29,  8.= 

210^-220.'' 

"Ethyl  glycolic  chloride. 

C^  H,  CI  0,. 

145,  I." 

127  -128.° 

^  Methyl  chloroerotonate. 

Cj  H,  CI  0,. 

143.  "5° 

142.° 

"Ethyl 

C,  Hj  CI  0,. 

113-  15° 

16 1 V 

"  Propylenic  chloronitrine 

C,H.01N0.. 

28,  12." 

1 57'-' 58.° 

"  Chloronitric  glycol. 

CjH^ClNO,. 

378,21,"          i4g'>-i5o,'' 

'"  Ethyl     bromide. 

C,  H,  Br. 

4189.  15° 

*>  Butyl           "     Normal. 

C.H»Br. 

2990,  20." 

99^88. 

^        «                       <.                  IBO. 

„ 

2038,  16,° 

93°33- 

«  Amyl 

Cj  H„  Br. 

2059.  i5'?7. 

"  Butylene      «            lao. 

CH^Br, 

809,  17.° 

H9"7.        Ui 
i48'-i49.''J^J 

«        «             «              .. 

798,  14.° 

"Hesylcne     ■. 

G,  H„  Br,, 

5967,  20°) 
597;.  i8,=f 

205.= 

""Heptj-lene  « 

C,  H,..  Br,,. 

5146,  i8°5. 

™  Isovinyl       " 

C,  H,.  Br. 

075. 

"Bromo  toluol. 

C,  H,  Br. 

401,  18." 

iS2°-i83.=' 

AUTHORITIES. 

'  Geuther  &  Brockhoff.     J. 

'» A.  Sehriidur.      Z.  F.  C.  14. 

P.  P.  (ns).  7. 114. 

510.                           [25.22. 

'  Patemo  &  Pisati.     C.  S.  J. 

"  Meyer  &  Bulk.    Chem.  N. 

"  (  Linnemann.      A.  C  P. 

(2).  11.  I5R. 

"Cariua. 

162. 1. 

'(■PaternoA Pisati.   C.S.J. 

"L.  Henry.    22.509. 

I      162. 1. 

\    {2)11.158.     [(2).  11. 158. 

"L.  Henry.    22.531. 

•I  Patemo  A  Pisati.  CS.J. 

'sprohlich.    22.517. 

*  C  Thorpe  a  Young.    A.  0. 

P.  165. 1. 
»^Tliorpe&  Young.    A.  C. 

1    Paterno* Pisati.   CS.J. 

""Frohlich.    22.517. 

(2).  11. 158,    [(2).  11.158. 

I'L.  Henry.   A.CPhy3.(4). 

Patemo  ft  Pisati.   CS.J. 

27.243. 

I     P.  165. 1. 

Patemo AKsati,  CS.J. 

18 L.Henry.  A.CPhys.(4). 

'i  Thorpe  &  Young.   A.  C  P, 

(2).  11.  158. 

27.243. 

iC5. 1. 

e  A.  Schroder.    Z.  F.  C.  14. 

"Mendel^eff.    13.7. 

^Bauniann.      A.  C.  P.    163. 

510.                              [510, 

="  Linnemann.     A,  C  Piiya. 

308. 

\.,  Si^hruiler.      Z.  F,  C  14. 

(4).  27.  288. 

»-\ 

Vroblevsky.  B. 

.  C,18.79. 
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SPECIFIC  OBA  VITY  TABLES. 


Name.                        Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Monobromhydric  glycol. 

C,  Hi,  Br  0. 

1.66,8." 

147-° 

'  Bromonitric              « 

CH^NBrO,. 

1.735.  8." 

l64''-i65.'' 

'  Bromo.  ally!  nitrate. 

CJP^NBrOj. 

I.5.  '3-° 

140=^150.= 

'      »          o     acetate. 

0,H,BrO, 

i63°^i64.° 

<■      ..          .•     alcohol. 

C,  Hj  Br  0. 

1.6,  15." 

iSB-" 

«      "    methyl  allyl  oxide' 

C,  H,  Br  0. 

1.35,  10." 

ii5°-ii6-° 

'  Bromo.  allyl  chloride. 

Oj  H,  Br  CI. 

1.63,  ii.= 

120.= 

"  Derivative  of  chloral. 

C,  H  CI3  Br. 

2.317.0-° 
2.295,  19^5- 
2.129.  1™>-°J 

...00, 

"  Biitvl  iodide.    Normal. 

C.  H,.  I. 

1.5S04,  18.° 

129^82. 

1'         „              «                          ISO. 

1.592,  22." 
1.6433.0-''   1 
1.6278,10.° 

I.61I4,  20.°J 

ii7ViiE.° 

IS          „                 ,L                                    « 

"Hexyl     « 

C,  H,5.  I. 

1.4526,  O.- 

167.° 

"  Heptyl    «           Pseudo. 

C,  H,,.  I. 

I.JO,  20.° 

"  Propvl  sulphide. 

(C,  H,),.  S. 

.814.,    i?." 

1 30=-' 35-° 

"  Ethyl  triaulphocarbo- 

nate. 

1.152. 

240.° 

™     "     (lisulphocarbonate,C5H,„S,  0. 

1.085,   19-° 

I96.°1_        TvirO 

»i      ,( 

1.085,   19-° 

'''     "     monosulphocarbo- 

nate 

C,H,„SO,, 

r.0285,  iS.» 

i5o°-i56.-|  =  p 

''         U                                   <l 

u 

1. 03 1, 19.° 

"  Cliloral  sulphohydrate. 

123.= 

77-° 

"  Ethyl  butylxanthate. 

CH„S,0. 

1.003,  '7-° 

227^-228.° 

=«  Butyl 

C^  H,8  S,  0. 

1.009,   12-° 

247°-25o.° 

"  Amyl               " 

C,(,  H™  S,  0. 

z65''-270.°p.d 

AUTHORITIES. 


1  L.  Huuiy. 

A.  C.  Pliys.  (4). 

1'  linnemann.     A.  C.  I'hys. 

''Salomon.      J.  P.  P.   iiis). 

27.213. 

[4).  27.  3fi3. 

=  L.  Henry. 

A.C.  Pliys.(4). 

»    Salomon.     J.  F.  P.  (ns). 

27.243. 

(4).  27.  263. 

*L.  Heiuy. 

B.  S.  C.  IS.  232. 

IS 

Erlenmeyer  &.  Hell.     A, 

SI    Salomon.     J.  F.  P,<i.r>. 

•LHem-j. 

B.S.C.1S.232. 

C.  P.  160.  257. 

6.433. 

«  L.  Henry. 

B.  8.  C.  18.  332. 

u 

"f  Salomon.     J.  F.  P.  (ns). 

•L.  Henry. 

B.  S.C.18.232. 

C.  P.  160.  257. 

1      6. 433. 
s'l  Salomon.     J.  F.  P.  (ns). 
I     6.433. 

'  L.  Henry. 

B.S.C.  18.232. 

IS 

Erkiimever  &  Hell.     A. 

fi  I  Patenio. 

J.  P.  P.  {ns). 

C.  P.  ibo.  257. 

5.  98. 

[5.98. 

"Hecht.    A.  C.  R  105.  146. 

"Byasson.    B,  S.  C.  18.  120. 

s  \  PatCTno. 

J.  P.  P.  (ns). 

"  Kui'tz.    A.  C.  P.  101.  205. 

«Mylius.    B.  S.  C.  19.  221. 

10  1  paterno 

J.  P.  P.  (ns). 

■isCuliours.    B.  S.  C.  19. 301. 

ssMylius.    B.  S.  0. 19.  521. 

i     5.  US. 

"  Mylius.    B.  S.  C.  19.  221. 

SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula. 

Specilic 
Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Sulphophosphorous 

ether. 

O^H^PS,. 

24O°-280.'' 

'  Ethyl  Hulphophosphoriu 

chloride,  C,  II5  P  S  CI,. 

1.30,  12.' 

175." 

'      "      pyrosulphophos- 

phate. 

C^H^P^SjO.. 

I. .892,  17.= 

'  Triethoxylpyrophos-    1 
phorsulphobromide    / 

1.3567,  I9° 

'  Ethyl  silicate. 

Cs  H™  Si  0,, 

"SUicontriethyl  hydride. 

Cs  H^  Si  H. 

.7510,  0." 

107.° 

'      "            "        chloride. 

Cj  H,s  Si  CI. 

.9249,  0.^ 

'43°5- 

'      «            "        oxide. 

(C,  H,5  Si)j.  0. 

.8590,  0." 

231." 

*      "            a        hydrate. 

Cj  H„  Si.  H  0. 

.8709,  a° 

154-° 

"      "            "        acetate. 

O^H^SiO, 

,9039,  0." 

[68." 

^'Silicon  diethyl  ketone 

ether. 

Cj  H„  Si  0,. 

.8752,  0." 

i55°8. 

"  Silico-heptyl  ether. 

C^H^SiO. 

.8403,  o-° 

"  Methyl    orthosilicopro 

pionate. 

Cj  H„  Si  0,. 

.9747,  0.° 

"Octethyl  tetrasilicate.1 

C,s  H„  Si,  0„. 

1.071,  0.°    ) 

" 

1.054.  U^S-I 

'*  Mercury  propyl. 

(C,  H,),  Hg. 

2.124,  1 6.= 

1 89'-!  91.= 

"Stanii-tripropyl  iodide. 

(C^H,)3Sn.I. 

1.692,  16.° 

36g''-270.'' 

AUTHORITIES. 

'Michaelia.  Chem.  N.  25. 57. 

^  Laileiiburg. 

A.  C.  P.  164, 

'■'  Ladeiibiu-i;.     B.  S.  C.  19. 

'Micliaelig.  Chem.N.25.67. 

300. 

254. 

»  Ladenbui^. 

A.  C.  P.  164. 

1'  r  Troost  and  Hautefeuille. 

*Michflelia.    A.  C.  P.  164.9. 

300. 

J     B.  S.  C.  19.  255. 

^  Ladenburg. 

A.  C.  P.  Ifti. 

'5  j  Troost  and  Hautefeuille. 

300. 

I     B.  S.  C.  10.  255. 

300. 

A.  C.  P.  164. 

'« Cahours.     B,  S.  C.  19, 301. 

300. 

[SOO. 

"CaJioura.     B.  S,  C.  19. 301. 

300. 

"  I^enbuis. 

A.  C.  P.  18*. 
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ALPHABETICAL  INDEX  TO  SUBSTANCES. 


Abies.      Kcginae-Amallac 
HydrocsTbon  from 


I.  Chloropropionic  .  I'Jli 
Chloroeulphurio  .  87 
Chlorous. 


"      anhydride     .       1* 
Acetiu  benzhydcol  ether 
Aoetidin      ,       .      .,       . 

Acetodichlorhydriu 
AeeWethyl  niliale 
AcetogJyeeral    - 
AMtoglycolllo  ether    . 

"      Chlorinated  .   196,11 

"      Derivative  of.   (? 

H'  CI  Er, 

Acetonitric  glycol 

Aeetonilrile.      MeHiyl    cy- 


Aoetyl.    Btomidoot 

"       Iodide  of    . 
Aoetylajnina  . 
Acetyl  camphor 
Acetyl  camphrene 
Acetylchloral  alcoholate 
Acetyl  ethyl  . 
Acetylene  IctraeMoride  . 
Acetyl  lactic  ether 
Acetyl  moroaptan.    Sulph- 

hydrate  ol   .       .       .2 
Acetyl  valeryl 
Acid.    Acetic     . 

•'  Alpha  toluic 
"  Aniylglyoollic 
''      Amylnitrophosphor- 


Clilorlo. 
Sec  Chloric 
Chlorochroi 


Cyanhydric 

Bee  Hydrocyanic  . 

Diamylphosphorlc 


Dlethylcamphresic      W6 

Ethyleamphorie  .  I6fl 
Ethyldiscetlc  .  .  161 
Ethylsalicylic  .  165 
Elhylsulphurie  .  21.) 
Ethylaulphuroos  .  2l.i 
Eugenic      .  .109 

Fluohydric. 
See  Hydrogen  fluor- 
ide    ...       M 
Formic       .  .138 

Glyoollic  .  .  li' 
Hlppuric  .  .  .  ISd 
Homolactic    .  16j 

Hydtlodic, 

See  Hydrogen  iodide    41 
Hyilrobromic. 
Bee  Hydrogen    bro- 
mide.  .       K9 
Hydrochloric. 
See  Hydrogen  ohlor- 

iile     .       .       .       30 
Hydrocyanic     .       .  22S 
Hydroiiuorio. 
See  Hydrogen  fluor- 


lylsalicylie    .       .  165 


,  Google 


ALPHABETICAL   IND: 


LPd.    Hydrosnrtip  b. 
Uj  Ink  Iphocynni     ^ 

Hjpogaec  loj 

Hypo  Itrle  5 
lodhjOrlc 

bee  Hi  droee  lud  de    4 
ludlc 


ide 


e  Pi 


and  Iodic  hydrate  C 
laubulyrio  IJt 

laooc  Ic 
lajp  opaeelio 
La  tie 

LcpargJ  lie 
Leu  I 
L  nulclc 
Ualo  1 

Mell^c 

Methyl  littwt  c 

MelhylglyooUio 

Uetl  yUollcylic    165  334 

Molybdlo 

S«e  Mulibdenum  tn 

Olds  50 

M  nohromnceti  "ly 

M  nobromohutjr       "OC 
Monobcran  prop  on 

Monobtomosteanc     2(W 


°"o."°""°'... 

'■y     0 

Bee  N  trie  hydrate        0 
Nlttocapryllc             ISI 
Nlttolaotlo                   236 

o'ide 
Teilurl 

See    Telur 

Pslmitio 
Paraaorb  e 


See     Pc    nd  0 


See 

Hjdrocyan 

Py 

otartari 

Py 

G 

r  enyllc 

Q 

nc 

Tnbromacel  ■ 


i     \ana3       «ee\. 


Alcohol  .  .  133,1S1.330 
Allyl  .  .  .100 
Amyl  .       185, 186,  231 


Ceryl      .       . 

.137 

Cetyl  .       . 

ISC  137 

Cymyl    ■      . 

Dectttyl 

Diethylenlo  . 

Endocatjl  . 

Elhyl      .    1S3 

134,230 

Heptjl 

.  136 

Heiyl 

1SB,Z31 

Isoamyl .      . 

.  13a 

iBobutyl    . 

18.5,230 

Isopropyl 

131,230 

Methyl        . 

,      133 

Myrlcyl  .       . 

Ootyl   .       . 

Phenyl.    See  Phe- 

nol    . 

171,173 

Propargylio  . 

.235 

134,230 

Pseudodiallyl 

Styiyl 

Tetrethylenio 

Trlelhylenle 

.      150 

^'  Butyric    . 

162,333 

Cetyl  .       . 

Chlorinated 

Diacelate   . 

.K» 

Euodyl    . 

.     lis 

Hesyl 

Isobutyrlo 

cjlio. 

Octyl  .       . 

Palmityl 

Folymereof 

.151 

Propionic  ISlASa^iSS 

Valerie  152, 

238,234 
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Alloys.  Sllyet  and  Till  110,  111 

TlnandZIno    . 
Allyl.    See  Dittlly)     . 


Alu  Q  nuru 

C  ppc 
Aluminun 


Lead    nd  Ti 


m  u  handCopper  1 
m  a  and  Gold  .  1 
ivnu  had  Lead  108, 


Cal 

m  and  Zinc 

223 

Oppe 

and  Lead 

105 

Cuipe 

ana  Tin  112 

lis. 

114,229 

"       Copper  and  Zinc  Ift) 

"       Gold  and  Lead 

■■       Gold  and  silver  . 

no 

"       Goia  a 

■■       Iridiu 

mandOsmi 

"       Iron  a 

Znn  .  ' 

m 

■■       Lead 

228 

"       Lead 

nd  Silver 

■■       Lead 

nd  Tin  .  n 

"       Lead, 

Tin.andZlii 

"       Of    Mercury.      Sea 

A 

oalgams. 

Phosphates  83  il 
Platliiohlonrii.  ir, 
Quailrusalata  1&* 
Selenate  227 

SUicofluirtde  22S 
Stannffluoride2iS 
Sucpinale  184 

Sulphate  Drj7'"3 


=iGoogle 
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Sulphate.  Aluin  0  I 

mm  nium  Bnd  Csdmium 

.ramonium  andChrumium 
Sulphate  i 

mm  nlum  and  Cobalt 
Sulphate  1 

mmontura  and  Copper 
Chloride  i 

ramonium    and    Copper 


Ammonium  and  Hi  drogcn 

Amni  Ilium  and  Ujdrogen 

Flu  ride 
A  mm  nium  and  Iljdrogen 

Mai  ate  l 

Amm  n  umand  Hydngen 

Onalate  11 

Amm  ninm  and  Hjdrogtn 

Sulphate  : 


Ammonium  &  Tin  Chloride    37 
'mmonium  and  Lraniui 

Carbonate 
AmmoTii  im       find       2in 


jhate    ' 
and  Irr  i  SulfliatG 

im  mm    and    Mafne- 

n-  Lhl  r  de  ! 

imomum  i.  Magnesinm 
Ph  lephate 
&  Uatrnesium  PhoR 
phate   atnuite   \ 
imoniim    an  J    Magne 
tfum  selenate  21 

im  mum    and    Magne 
Slum  Sulphate 
imonfum    and    Manga 
neao  lulphale  ' 

1  and  Mtrcurv 


idNicket' 


Amylatcd  camphor  .       .      170 

Amyl  celyl  ojtide      .       .      138 

Amyl  thlorhydrin        .       .  19S 

Amyl  diethyl  borate         .      21» 

Amylene         .       .       .  121, 12a 

Biehlorosulphide  217 

Bisulpbochloride  217 

"         Bilhiooyanide  .      210 

BlthiobithlOi^yan- 


Ammonium  and  I  itaaslu  n 

Ml  eat^B 

EulpIiatB 

andPolassinn   &ul 

phalo   Alu  Ite 

end  PotaEsium  Sul 

-! 

Blearate 
Salphide 

'Julphocj 

phHle   l>wfgitt 

80 

TtU  lr.de 

and  ZIne  Sulphate. 
Hj  Irated 
fl  119, 1: 

Acetate  .  1- 

Alcohol  135, 136 

Amylphoiphile 
Arachidate 


inalcd 


'    Chlorinated  101 


Polymers  of .  .122 
Sulphide  .  .  2U 
Trisulphocarbon- 

.  214 


Buljlxanthate 


C^anlde 
M  ihotalate 
Dl'Julphide 
Formate 


Amylene  glycol 
Amyl  glycide  .  .  .  lei 
Amyl  glycoUlc  acid  .  .  IM 
Amyl  heptyl  oilda  .  .  138 
Ainylin  .  ,  ,  .161 
Amyl  faoptopyl  .  ,  .119 
mylnitrophofiphorouaocid  218 
my  I  phosphite.  Chloride  of  21S 
Amylealicyiic  add  .  .  IfiS 
AmylsulphoxyphOBphorio 

ether  ....  218 
Amyl  toluol  .  .  ,  .120 
myl  xylol         .       .       .125 


1.18 
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245 

Anhydride.  Bensocenanlhy- 

An^             f 

r 

Arsendimethyl.  Oilortde- 

">"> 

Boric. 

1 

Oxiile     . 

See  Boron   tri- 

A      vl    hlorde 

1  J 

Sulphide 

223 

oside       .       52 

AnU  ra  ene                      13 

Arsentii  ethyl     . 

Butyric     .       .  142 

Dh  dnle 

AspaiHglue     .       .       . 

Ilethydr  de 

13 

If  12 

Caprylic        .     142 

A      arre    n 

AugdilB 

Ant  mon  c.  m.  d,  or  anhy 

Auric  compounda.  SeeGoIi 

drde 

oxide   .       .    54 

Auatrapyrolciie . 

Cliloroua. 

Automolite    . 

58 

hydide 

oxide  .       .    45 

53 

Azelaic  Acid  . 

Chromic. 

Antimony                        26    b 

See  Chromium 

trioilde    60,226 

Ch""  dea 

Z 

Hydra  ea 

B 

Sec  Iodine  pen^ 

Molybdic. 

gulp)  de 

Ba     m 

See     Molybde- 

Tellunde 

num  trioside    50 

Antimony  and   Pota.    um 

Tartrate 

1&. 

H 

pentflxide       52 

Oenantliylic    .  142 
Palmitic        .     142 

'*°*T^rnHe^'"*    '^^'"'"" 

180 

''^                 dra 

Pelargonlc       ,  142 

Antn    nj     amjl      ^   btr 

Ch    m 

Phosphoric. 

amyl 

See   Phosphor- 

A  ttmnny  ethjl      SHbtr 

H 

nspentoxida    52 

ethyl 

aa, 

Propionic     .     li2 

Antuaony    methyl       ''tib 
trimethyl 

™ 

M           B^ 

Apatite 

oxide  .       .    51 

143 

Siilphurlo- 

lt.2 

TO 

9eo   Sulphuric 

Argentic  Salts.     See  Silver 

acid  ,       .       46 

salts. 

«e       te 

Sulphurous. 

Argentlte       .... 

50 

See  Sulphurous 

ArUansIt©   .... 

55 

acid     .       ,    45 

Arragonlte       .       .       .    OS,  M 

B                            m 

"          Telluroua. 

AiB«nic        .... 

Arsenic   add,    or    anyhy- 

Baruman            umB 

dride. 

Titanic. 

SeeArsenicpenloxide  . 

Sea    Titanium 

Araeiuc.   Bromide    . 

40 

dioxide   .  54,  56 

"         Chloride 

34 

Ba     m               um 

TungsUc, 

lite        .... 

See     Tungsten 

trioxide       .    60 

Baryta,    Barium  ox  ido    . 

Valeric  .      .     142 

Baryta.   Caustic.     Barium 

Sulphides .       .  6 

See  Vanadium 

Baiylocalcite      . 

07 

peiiloxide   .    68 

driiJe. 

Bay.    Oil  of  .       .       .       , 

1!S 

Aniline 177 

See  Arsenic  trioxide      . 
Araen  111  ethyl       . 

5K 

Bennatearic         " 

142 

Arse  iidi  methyl      . 

222 

Benylene     .... 

131 
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Eenzil.  Isomer  of 
Ben-io  clnuamlo  anhydride 
Benzo  cuminlc  anhydride 
Benaodtchlochydrin 


Beazoydn  . 
Benzoyl.    Chloride 
Hydride  . 


Benzoyl  glycoUfc  ether 
Benzyl.    See  Dlbenzyl , 
"         Acetate 
Alcohol . 


Snlphydrnle 
Benzylamjne 
Benzyl  anisol      . 

BergiimoC  oil 

ativeof    . 
BariinlM     . 
Iterthierile 
Beryllium.    See  Glncin 
Biehloramyl  nitrite  . 
Btehlorelhylene  chloros 


phide 
Blndheimlte 
Btnnite   . 
Birch  Inr.   Oil  of 
Bfsmethyl 


■mlde 


of    . 
Iodide 
Nilratea 
Oside 
Pelenlde 
Sulphides  . 


Sul|ihliie      .      .      . 
Bismuth  triethyl    , 
Blacltleiid.    SeeUrephlte 


acid,  or  Bocacio  i 
e  Boron  trloxlde 
d  Boric  hydrate 


Boron  tr    hj  1 
Boula  ger  te 
Brass  i;  aeld 
Bra     ile 
Breithauptile 
Brochant  te 
Bromacetic  acids 
Bromaret  1  brom  da 
d  loride 
Bromal 
Bron  arsyrite      Sll  et  B 


ee  H  drc^:en  Brom  de  1 
Bron  hvdr  ns  205  a 

Brmnated    alljl  acelste    2! 

ale  h  I    2! 

chloride  S 


drobromale  2M 


■o-raesitylene  . 
.o-metliyl  phenol 
o-naphthaline  . 


Bromopropylene      hydi 


Bromide .      £ 
Butylianthat 
Butyrale    . 
Carbonate 
Chloride    . 
Cj-anlde . 
Formate    . 
Hydride 
Iodide       .    1 


Mer 


iptan. 


Butyl  butyrone 
Butyl  tatbylan 
Butylene 


.iOoqIc 
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a  dehyde 
auLydr  da 
Bulyr  illn 

Butyro-dl  hlorhydcln 

Butyrone 

B  tymae  p  nakone 

Butyrontrle  Pcopjlcy 


■^le  de 
Sulpha,  e 
SulphUe 


Cad  mum  and   Potasaiom 

ulpbats  'i 

Caesium  1 

Eillcofluoride     .  H 


4 

nalophyllum  resin   .      ,     i"3 

40 

Camphin     .       .       .       .131 

Ceib    late  Dry  9G  91 

Camphor       .      .      .      ■  ITO 

Hy 

Camphorie  anhydride.   Ily- 

draled 

drocarboti  from  .       .      131 

Ch  o    Ic  Dry 

B" 

Camphoric  anhydride .       .  nu 

Hi  lira 

Camphrene    ....  17(1 

Dthl     ate 

C^iphryl  chloride    .       .      ID") 

nuorde 

Cane  sugar    .      ,             .  l(i3 

H  ppurate 
H  drae 
Hypo  ulph  ic 

18p 

Cane  evsax    and    Sodium 

r 

Caou^hene'  .'.'.'.  181 

Nitrate  Dry 

Caomohin  ....      V>8 

Hi  Ira 

ltd 

e 

Capnomot.    See  Kapnomor  174 

Osal  tc       WlB 

IS    1  te 

181 

Caproicaoid  .       .       .m.2Si 

Caprono       .       .       .     1;->1, 234 

Capronitrilo.       See    Amy! 

Pho  pi  ate  Meta 

Caproyl.    Heiyl   .       .       .  VH) 

bru  H  te 

so 

CapryUoada      ,        .       .      Ul 

Slcate    Wollas 

"        anhydride      .       .IK 

loute 

98 

Cnprylono  ....      154 

suae  Olenlte  lOU 

Caraway.    Oil  of  .       .       .127 

13 

Carblnola,    See  .       .      230, 231 

Hy 

Carbodimethyl  diethyl       .  130 

drated 

Carbolic  acid.     See  Phenol  ITl 

Sulp    de       Old 

Carbon        ....       27 

haiflte 

Bromides      .       .    40 

■nana 

Bromochlorido       22S 

Tungstae 

S3 

Chlorides    31,190,193 

n  Chloride    Sfl 


I  Calc  urn  <.  Ma  ganese 
I  hinate  Mangan  a 
Calcinm  and  ''od  urn 
bonalc,  Caylu?  W 
I  Calcium  an  1  --od  um 

CBlclum      and     Fran 
Phosphate    A  t  in 
Calc  spar,    bee  Calc  to 
Callalnite 

Calomel,      "ee  Mercu 
i        chloride 


Sulphochlorlf 
Carbonic  acid!    See  Car 

Carhonyl  disulphodiethyl    aiii 

Carbyiamfnes  .       ,  17S 

Carrtoi 

Cnrrnllite 

Carvene 

Cascarilla.  Oil  of  .  12S,  130 
Casslterite.  See  Tin  dloside  M 
Ca.'^naudlle  ■ 
Cedrat.    Oil  of 


33 


"       pliosphate.  Cryplo- 

lite      .       .      .   S3 
Ccrargyrite.  Silver  chloride    31 


iooole 
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Ccroti 


Cerusaile     Lead  Carbonate    95 

Ccnl     AlcohDl  137 

Cerotatt 

tetioacid 

Cetjl     Acettte 

Aliohol  13 

Aldehyde  158 


loJide 
Meroa]  ta 
Oside 


Mil  J  hi  le 

Valerate 
Cetyl  aniline 
Cbalcantbile      Ccpper  S 

Cbalihlholte 
Chalcoolte 
ChalcQpyrite 
Chalcostiblte 
Chalk 
Chmoline 
ChioUb' 
ChloraLplal 

Chlonu?etIc  aoids  I 

ChlotacetOTie  1 

Ohlnreeetenltrile 
Chlomcetyl     Bromide 
t  blonde 


Cliloriu 
Q,cid 

Chlorlm 


Chloral 


MillnlaW  It 

'ulphydrate  2S 

Chloral    DeriT  of  CaHCls 

Br  23 

Chl'raliiehTdc  l! 


rhidea                           217 

Chloro  glycide 

Chi  rani                             201 

Chlorbutyrj-l    Chloride  of  198 

phidea                               217 

ChlorethyHosuIrhIde«           217 

ether    . 

Chlorhydrlcacid  Hydnw^i 

Chloronloeno 

chloride                          an 

CMoronitrio  ndd 

rhlorhTdrlnslM  118  IW  '^t:  2"] 

"        glycol 

Chljrhjjrit.'j    Elhrlsilicic    221 

Chloronitrin       .       . 

1   Hmyl  chloride  1 

amylene      .      1 

"    chloride  1' 


Chloronitrobenzol 
lorontirophenol 
ChloroQitroUiluol .       .  1 
Chlorocenanthie  ether 
Chloroplcrin       . 
Chloropropionie  acid  . 
ether 

Chloropropylene  bromiiie  . 
Chloroaalylio  trichloride . 

Chlorosulphuric  aci 


Deriv.  of .  197 
hcptyl      clilo- 


ua  acid.  Chlorine 


UhloroxethoEe 
Chloroxylol    . 
Chodnefflte 
Choleaterlne  , 


"     formate  196 
"     oxide    IK    . 
propylene       .  190 
propylene  chlo- 


toluol 
sylol    . 
Chlorine 

Trioxide  . 
Chloriodoform 
LOdotolnol 
Chlotoanethol  .  .  .195 
lie  .  191,192,103 
Chlorobromhydrin  .  .  207 
Chlorobntyrie  ether .  .  lOG 
Chlorocarbonto  "  .  .1% 
Chlorochromic  acid  .  .  38 
ChlocodlbromhydclD  .  .  207 
I  dlchloroglyoide  .  105 
Chloroethyloyanlde  .  .  200 
Chloroethylphenol  .  .  197 
Chloroform  .  .188,189 
Deriv.  ot   Ci 


Chroralumand  \i 


'ulphate 
finlphMe  { 

Trioiide      60  £ 


iiOj. 


Chrysoberjl 
Chrysocolla 
rhrysotile 


Irin  Oxide   ■: 
ManeanesB 
Oxlda         1 


Cicatene        From     Clcu 

virO'ia 
CinacTol 
CinaiFbene 

anchonia  hydrochlorate 
Cinnabar 
Clnnamene 


ogle 
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Cluuslliallte.  Leadseleaide 
Ooves.    Oil  of   . 


Azeenate.  EryOitlte  92 

Ataenldaa     .      .  67 

Hjdrated  38 

Hjdrate        .       .  70 


Two  minerals 
Silicofluorida 
Sulphate.  Dry     . 


Coridlne 


Topaiva.  H  C  deni  Cu  Bsi  230 

CoiRl     Oil  of  -     1-" 

Copinplte  -       -    ' 

Copper  19, 20,  Z 

Acetate  .        1^ 

Ammonio  chloride   ; 

AiDinoiiio-nitrate       ! 

AmTuonio  sulphaW   1 

ArEenides  .       < 

"       CarophoniM. 
.    "  Deriv.of  CeHii.  2 

"        Cftiboiiatea. 


Creatine  hydrate 
Creosote,   See  Kreosote 
Cresol.    See  Kres 
Ccoeoisite.    See  Lead  chi 


Crotonylene   . 
Cryolite       . 
Crj-ptolile      . 


.   36  -  Ciibebs.   Oil  of 


ain.    Oil  of 
Cuniol      . 
Cumoiiitrile 

■1  chloride 


Cyanite.  or  Kyaiil 


Decstylena 
De  henle 


D      etjlenylene 


Chloride   Clilo 


s.a=i  Google 
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Dlbromhrdrin  . 
Dlbutyrin 
DlchloracElal     . 


Chloride 
Dichlorethoxyletlijlene  . 
Uichlorhydrin   . 


Dlacelo  .      11 

"               Valeto  1, 

Dtuhloromouonitrin  .      2( 

DicLloronltrophcnol    ,  a 

Bicltlortoluol.    CI.  deriv.  of 

CiHiiClO.  .       .  .      11 

Dldymlum     ...  1 


'}!    Wmethylene     carbonethy- 
J2  len«eiiiBr    .       .       .      1 

J7  Biintihyl  ethyl  carhinol  .  2 
J6  Dimethyl  phosphln  ,  .  2 
J7  ^  Dimethyl  pseudopropyl  car- 


!L 


Dimethyl  toluidine  .  .  21 
Dimeihyl  valeral  .  .  .  1( 
Dimethyl  xylidine  .  .  2! 
Dlultroaulliiie  .  l) 

Dinitrobelizol  11 

Dinitromeiihylene  chloride  a 

Dloptase  l( 

Dioxethylcne  .  i; 

DlpalmitlQ  l« 

Distearln  ,  le 

Dlsulphamylene.  Hydrate  21 
Oxide      21 

Ihterebene  .  la 


Epsum  suits.      Uagnesim 


Oxide  .  ,  ; 
Sulphate  ,  ,  i 
Eriolnol  ,  .  ,  .  ] 
Erucic  acid  .  .  .  .  i 
Ecythrlte  .... 
Erythromannile  .  .  .  i 
I  Essential  Oils,  See  Oils, 
j  Ethaeetlo  ether  .  .  .  1 
I  EOier.  Ethyl  oxide  .  .  1 
Ether,  ill  general.  Bee  Ethyl. 


Ethen 


Dethvl.    Bromi 


Ethyl,    Acetete 


Diethoxy] 

.     l,u 

Diethyl  acetone    . 

.IM  234 

Dodecatjl    Chloride 

Hjdrldc 

.       .235 

Dodecatylene  or  Duode 

.      176 

tylene 

.       .178 

Dolomite 

Diethyl  aniline. 

.      177 

Domeykite 

Diethyl  benzol      . 

.       .120 

Diethyl  camphrcaie 

.Cid  .     IW 

Diethyl  chlorhydrin 

.       .198 

Drytielanops  camphnra 

Diethyiene.    Acetata 

■  5^ 

Dufre^ 

Diethyl  tbrmaralde 

Dutrenoiiite 

Diethyl  glyoollleeth 

Diethyl  glyoiylic   ' 

Dicthylin    .       . 

Diethyl  lactate      . 

Dletliyl  oxybenzoBle 

Diethyl  phoaphin 

E. 

Diethyl  toluidine. 

Diethyl  toluol    . 

Elilite 

Diethyl  trilaetate. 

.       .  167 

Diethyl  valeral . 

.     169 

Elder     Oil  of 

Dli-opi«pylEmlne 

176 

Elemi     H  C  ftjm 

Dill     Oil  of 

Dimervurammonium 

chlo 

F.ieialyl     Al     hnl 

nde 

39 

Endecatylene 

En-tatite 

Dimethyl  acetal 

169 

Dlmethvl  acetone 

Ep    hi  rhydrin 

DimeUiylamlne 

Epichlor  hn  rohi  Irin 

Dimethyl  aniline 

Dimethil     ("hi  rina 

ed        189 

Ejiidibromhydr  n 

Dimethjlcumidine 

Bromd 

Dimethyl  diethyl  me 

Lane.  229 

Epidlchlorbidrln 

Chlorinated  I9S 
Aconitals  .  .  167 
Adipate  .  .  .159 
Alcohol  .  1S3, 134,  230 
Amylhydroxalats    166 


enoatearate      .     151 
enzoalB  .       .  uig,  234 
CI  deriy. 


Butrlxanthale       .  2S 
Butyrate   .  141,  232,  2i 
Camphornte   .      .  l( 
Chlorln- 


Camphresate 
CaptoatB . 
Caprylate    . 


Cumin  at«    .      .     16» 

Cynnate  .      .      .  isa 

Cyanide       .       .      175 

Dicblorlii- 

ated.2aO 
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Dlamylosalaxe 
DIethosalate 
DiethylglyBOlliite  .167, 

23J 
Dilactate      .       .      167 
-  DJmethoxalata 
Diselenide   . 
DlsuipUde      . 
Ilisulphal^aIb01mte  215, 

Elaiclat« 

Ethamethoialale 
Elhylamyl  hydro: 


"   Chloiinated  IE 
Fiunaiate 
Heptylate.  (Oenan- 

Hippurate 
Homatoluate 
Iodide     .      . 
Isopcopitcetiite   . 


Myrietate. 

Nitrite  .  . 
Nitrobenzoate  . 
Nitawapcylata 
Nitroelycollate  . 
Nftrolactate .  If 
NtlTomBlate  . 
Nitrolfirtrale 
Nitrotnrtronate  ,  2 
Nonylate.  (Peliir. 
gonate.)     150, 2 

omiocarbonale  . 

Oidde  ,      .      . 
"      Chlorinaled 
"     a  derlv.  of 

Palmltate    . 

Paraomnphorate   . 

Pelargonate.     |Ko- 

nylate)  .     150,  233 


nienylaoettite 

lb3 

Ethyl   d     ithai-etone   ear 

" 

Phoaphate 

18 

bonate 

lu9 

Ethjl  elhacetuiie  earboaate  JC9 

PHORph  tt. 

18 

Ethjlgljcde                   161 

23g 

C  hlorlde 

I-th  Iglj     liothlorlie 

ibS 

Elhjl  1  ep  1   oxidi- 

Elhjlhexyl 

Pjromucate 

b  nata 

169 

Pyropho'ipluHe 

Eth^lkresol 

Pvrosulihopl 

Ethyl  methyl  dlsulphoear 

ph  tt 

-Ij 

Pjrotanrale 

I'ifl 

Ell  yl  naphthaline 

1  I 

Q  iflrttnilate 

Etl  J 1  phenol 

12 

Eutjlale 
«ebate 

\m 

Etlylphcujl 

Catboiiatf. 

Ij 

m 

Ethjl  propyl  ketone 

2!11 

Silicate? 

la 

m 

Ethyl  propyl    xide 
Ethyl  salicylic  acid 

m 

Rubeiate 

23i 

Ethyl -Ili«cchl-.rhvdnn8 

221 

Sueclnale 

Ethyl  Eulphophosphorle 

Sulphate 

21B 

thltride 

Sulphide 

"13 

Elh\l  sulphuric  acid 

216 

■Sulphite 

215 

"15 

Ethyl  amyl  anil  no 

Ethyl  amjlfno 

Elhvl  anlll  le 

Ethyl  benzhydrd  cthor 

Ethyl  I  en?  1 

Elhyl  butyl 

Oxide 
Fthyl  butyral 
Ethil  camphor!  af'id 
Ethvl  carbyiamine 
EIh)l  et>l  oxide 
Etl  yl  dia  etamlde 
Ethyl  diaeetfe  acid 
Ethyl      diaeetune      carb 

Ethyl  d  amyl  borate 


Ethyl  toluldlne  J 

Etbjl  urethane  1" 

Ethyl  I  in  J 1  13 

Hj  Iritdalt  21 

Fthjl  sjl  1  1' 

EOj  atelbor  e)l  1 


(lilorl)l  le 
Cyanide 


Diethyl  ate 
Dinltrale 
Glycol 
lodde 


ALPHABETICAL  I 


Elhjlene     Tnsulpho'^ar  ■  Forraloacid 

bonate    ^14,239     Foisterile 
Valerates  .  ^7     Fuousol 

Ethylene  ethylidtaiB  oxide  155     FurfUrol 
Ethjlene  stannelhil  223    Fusel  oil.  Amjl  al 

Ethjlideneoxjohlorlde      .  IM     Fusyl bisulphide 
Ethyllne 
Euoeli  ptene 
EuLalyptol 

Euoaljptusamjgdalina    H 
Cftom 


layallte 
Felsubany  le 
Ferhente 


phoapliateB.  Two 
mlnemls  < 

Bulphntes  Four 

minerals 

sulphide  f 


sulphate.  Drj 

Hydrated 
milph  de  i 


Flsoherlte 
Fluooertte 

Fluohvdrio  acid      Hydro 
gen  flnonde 


C  laubenlB 
sulphaW 


Oxlle  51  ; 

Nitrate  ( 

Silicate  Phenacite  t 
am  and  Alununum 


+  Sodl  imChlonde  224 
Sulphjdrates    11  1C 


"Monobromhydrio  2r* 

Propylene  1  ■J 

riTt  1  cl  loraeetin  9 

Clyco!  ohiorbutynn  J^ 
Clyeollli.  add 

Gold  6  -J 

Seaqn  phoepl  fde  66 

Told  and  f>  Iver  S  ilphide  61 

C  thite  «9 


ugar 


Gypgum  . 


Halite.    Sodium  Chlo 


Heai-ySpar.    (Barite)      .73 
Hematite.    (FerrieO.\iiJe) 
Heplyl.    Acetate  .       .       . 


"  Chloride     . 

Chierinatecl    . 
Heplylene  chlorhydrin 
Heroynite    .       .       .       . 

Hexane       .       -       .       . 
Heschloraeetone .      . 
Heselhylene  alcohol 
Hexoylene     . 


120 


Alcohol.  .  .  136 
Aldehyde .  .  .152 
CapFoal«  .  .  233 
Chloride  .  ,  .187 
"  Chlorinated  191 
Hydride     .       .  120, 229 


Mercaplan 


.214 
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HippuriE  aeld    . 


ide 


HUbnerile   ..-■'• 

Humboldtine  .       -  li 

Hydrip  oxide.   (Water)   .      ■ 

Hydriodlo  acid.    Hydrogen 
Iodide   .       .  ■    .       . 

Hydriiboracile       ,       .       . 

Hydrobromicacid,    Hydro- 
g:en  Biomtde  ■ 

Hydrochloric  acid.    Hydro, 
gen  CMotlde 

Hydrocyanic  add         .       .  2 

Hydrodolomite  . 

Hydrofluoric  acid.   Hydro- 
gen Fluoride  . 

Hydrogen 

B  omlde 
Cli  oiide 

lodde 


Isobutyl  anisol      . 
Isobulyl  tiazol . 
laobutylamlne 
i  laobutyieiie  bromid 


;  Isopropacctic  acid 
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IbOprop  y\    lod  de  : 

Mercaplan  ! 
MlWate 
NtrW 

Phpnate  l 

b  Ipl  de  : 
Sulphoeyan  de 

Valerate  ] 

Isopropylamlne  ] 

laopropj'I  arbjlaroine  1 

Isoterebenthene  1 
iBOTinyl     Br  m  (J 

C  1  rid  1 


Lithium,   Sulphate.  Dry 


Lauroatearine 

Laurua  nobllis.  HCftom 


lagn  s  a    Wsgn 


D   X  de    H>drBteaf 
Fo  n  a  e  is 

I  dde  4 

M    jl  lat  K 


Lea  1  1  elhyl 
I.eadhUlits 
Lead  Et  ramethyl 
Lead  tr  e  hyl 
Lemon     Olof 
Leiiargyl  e  aoi  I 
Lepdi  e 


Omtm 

ate 

■i 

Hjlrs 

:\ru 

70 

Hyp™ 

idplata 

227 

Mral 

Hatn 

hloride 

Platin 

odffle 

220 

Sltca 

Sulph 

ate  Dry 
Hy 

* 

Lattit  acid 
Laclobulyric  et 
Lactose     (Milk 

Lanarkite 

I^ngite 

lantUaiiite 


Linnaeile      .... 
Llnoleic  acid     ■ 
LItli&rge.  (LeadUononide) 


"  ■'  Selenate  227 
"  "  Sulphate  79 
"  Cadmium 

Sulphate    79 
"  Calcium  Car- 
Two  minerals  37 
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Magnesium  and  d  .ppet  Sui- 


ted 79 

"   Sodium  Sul- 

"  Zinc  Sulph- 
,.  Jlsgnetic    iron 


WaUwliite  . 

Mclezi 
Mtliaa 
Melifsyl  iodide 
Mendlpite  ■ 
Meneiihluite  . 
Mentha  pulegiut 
Meuthene 
Mercaptaji  , 


Met£<crolein 
Melaloiiorthob 
.  Melakresol 
I  Metaootyleue 


Sulph  lea  I 

'■  Tuug'iKite  ! 

Monganesea  dAm  n  niura 


Chortde    3 
CMoride   a 


Mercury  butyl    . 
Mercury  etliyl 
Mercury  methyl 
Mercury  propyl     . 


Orthosillcopro- 


Mesitjl  oxide     . 
Mesltjlene      . 
Mesltylene.  Sulphydra' 
Melabrushite , 
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Methyl.    Palmitate  . 

VM 

Mcthylchloraoelfil        .  13 

237 

Muscat 

nuls.OiL  a  derive 

JU5 

PhEtiate,  lAniao 

)m 

Metliylene.    Chloride      . 

IfS 

Myeoae 

m 

PhBDylacetHMi  . 

Iodide     . 

Myricy 

Alcohol        . 

Phosphides.  (Ph 

phina)    . 

Mlargyrite      .       .       . 

Propargylate    . 

Milk  sugar.       .       .       . 

Myristloacid      .       .       . 

PyruTiile      . 

Mlmetlle       .      .      . 

Myriat 

m 

Kotylate    .      . 

Minium      ....  4 

6,47 

Myrlsto 

Sebate   .      . 

.  159 

Mint.    OH  of.       .       . 

Myrtle 

Oil  of             .       . 

128 

Silicates    .      . 

220 

Mispickel    .... 

Myrtua  pimenta,  H  C  from 

Steatale .       . 
Suberdte    .       , 
Sueoinaw      , 

.150 
15a 
.159 

Molybdenite  .       .       . 
Molybdenum      .       ,       . 
Oxides   . 

fl,51 

Sulphate. 

Phoepblde 

Sulphide  . 

Sulphite 

Molybdic    acid,  oi:  aiihy 

N. 

"        Sulphocarbonat« 

214 

drlde. 

"         Sulphocyanide . 

216 

See  Molybdenum  ti 

1- 

Kaphtyl     Chloride 

19j 

Sulphydrate 

21j 

Kaptha 

Methyl  acetel        .       . 

.  1S9 

161 

Nemalte 

-0 

Methyl  actloiic  . 

15S 

Ken.  11 

Oil  of 

1.7 

Methyl  ally!  oxide 

.  235 

Monoaui  idomelhy  [phenol 

m 

NeMiJanskite 

IBl 

Chlorinated   Chlo 

Monobcomacetlc  acid  . 

Melhylamyl  acetone     .16 

4,2S4 

206 

Niocol 

g 

07 

Methylamyl  oilde 

Mon  b   m  m     n      D  rl 

Nickel 

Methyl  anlUne 

.177 

Q        HBO 

■X)6 

Ammoni>iodide 

228 

Methyl  benzoyl 

Antlm^nide     Eu.1 

Methyl  benzyl 

thauptlte 

Methjlbutyral 

154 

Mon  bro            p 

Methyl  butj  rone 

.IM 

Mon  b    mot   fli 

Methyl  capnnol 

IM 

Mon  b  tj    n 

Arsenides  Nice.,]lti, 

Methyl  caprone 

MonocU  raeeal 

end    Kammdi. 

Melhyl  caproyl 

110 

Mon  eh     aoeh    ac  d 

hergile 

Methyl  carbylamine 

.179 

Mon  oh   ra    ton            »< 

237 

Carbonate       (Zara 

MethyldiaoeHoacid 

165 

Monoch    rft  d  h  d 

lite) 

1J 

Methyldlethyl  borate  . 

Mon    h    teh    ph 

Chloride 

Methyl  HthyL  Oxalate     . 

159 

Monochl    h  dn 

Hydrate 

7U 

Oxide    . 

Mon  th    rod      tr 

Nitrate 

b7 

Sulphide  . 

Monoch       m   h    p 

Oxldea                 4 

Sulphite 

.215 

Monoeh 

Phoaphlde 

bb 

2S6 

Monoeth     ph    ph 

Selenale 

Melhylgtycolifcacid    . 

.165 

Mon 

Selenlde 

65 

Methylheptyl  oitlde . 

Mon  m    h      ph    ph  n 

Sulphides 

SO 

Methyl  naphthaline    . 

Mononilripgljral 

Snlphate 

Methyl  cenanthol      .       . 

Mononitromethylphenol . 

181 

Nickel 

Methyl  phenol.  Chlorlnat* 

dl97 

.162 

phalc 

78 

Methyl  phenyl  .       . 

124 

Monostearin 

162 

rismuih       Sul 

MethylBalioylloacId     .1 

Monovalerin .       .       . 

phide 

2S5 

237 

" 

Potas-rtum  'ul 

Methylsilleic  chlorhydrtr 

Monrolite      .      .      . 

phate  Dry 

Methyl  thymol  .       . 

MorenoEite  .... 

Hydcated 

78 

'Methyl  valeral       .       . 

Moringlc  arid        .       . 

Nieoti 

179 

Methyl  xylol      .       . 

126 

Morphia.    Bulyratc  .       . 

1S3 

Niobiu 

ra      .       .       .       . 

28 

MBlhylHl.       .       , 

LactalB 

Chloride     . 

5,176 

Oxalate    .       . 

IS.'i 

Methylated  bomeol      , 

.  170 

Mns=ottile 

ifrlbjlbromacelol     . 

204 

Mucaraide  .... 

182 

n 

oriije  .      .      . 
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Potaseium  titrate  85 

caud   Nitric  hjdrate  "0 
aohydnde    Nitrogen 

peutoxide  fi2 


Ootjlen 


NiCPubromtoluol 
Nlirocapcyllc  acid 
Nitrochlorobenzol 
l«itr  ihlorotoluol 

Chloride 

Chlorophf  apliidB  103 

Hulphide 
Nitn^lycertiie 
KitroisobuCylsaisol 
N  Irolaotic  add 
NitromeUiylenB  chloride       200 
Nitrometliylphenol 
N  trosod  elhyime 
Nitroajl  chloride 
Nitrotoluol 
Nitrons  oride 
Nllroxyl  1 
^  [troxj  IpiperiiUne 

Chlor  de 


Glycol       .       -      15& 

Hydrate      .      -  ISO 

I  Octylene  aceWthlorliydrin  19S 

:    Octylene  chlorhjdpin      .     11* 

I    (Enantliol       .       .       -       ■  1^* 

I  "  Deriv.   o£    Cii 

,  i  H»  SO      .     216 

,     (Enanthone    .       ...  15* 

CEnanthotliialdine    .       -      217 

'    (Enantliylic  aeid   .       .  140, 232 

a  Aydrlde        14' 

1    OQ  ot 


1  230 


o. 


Alcohol 
Aldehyde 
Capryiate  . 
Chloride 
Cyanide    , 

Iodide 


12 


bergamot 


cubebB 


ginger  1 

Mentha  pulegiiun     1 
mint  i; 

Muscat  nnts.  d  de- 
rn   of  1' 

orangL  flowers    Ne- 


rosemery 
roEewood 


"     Brderlv.  Cis  Hai 

Brj  Oa  .       .21 

"    CI  deriv.  CisHa 

Cla  Oa        .      1! 

Oiibene  .  -  .  ■  1 
Orange  flower  oil.  (Keroli) .  1' 
OrangitB  ....  I' 
_  ;  peel.  Oil  of  .  .  1' 
Orplment.    Aiseule  trisul- 

Osmiridium           .  .  1 

OsmilopsiESjsteriEColdea.  Oil 
of 1 


Heniisulpliide . 
Phospliide     . 


Palmitin     .       .        . 

Pal  mits-l  aldehyde   . 
Parabenzol     . 
Pftrabromallde  . 
PBrachlorBliCle 
Parachlorotoluidine . 

Parodlconiine    . 
ParafRnic  add 
Paraiodorthobromtol 
ParatreBol 
Paraldehyde 

Paraplcoline 
Paraaorbic  add    . 
Paratoinol  . 
Parsley,   Oil  of     . 


Patchouli  camphor 
Ollot 
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"  anhydride 

Pelargonyl  chloride 
Pentatlte    . 

PentacMorafGtone    . 
FEnlachlarodiinethyl 
Pentelhylene  alcohol 
PentUndlle    . 
Peppermint.   Oil  of . 
Feichlomldehi'de 
Ptrthlorbcomathjlic  ether 
Petehlotlc  acid,  ot  hydiaW. 
Perielase     .... 
Periodic  Roid,  or  hydrate 
Perofekite,  or  Perowsklte. 
Petit  grain.    Oil  of 
Petroleiia    .... 
Phenaclte 
Pheniunyli 


letol 


Pheno 


171, 


Jtobol    Phenol  ITl 


Chloride         111    9" 
fjanate 
I'yanide 
Sulphide 
'         fculphoeyanlde 
'         Sulphydrate 
Phenylamine  1 

Phenjlbntjlene  229 

Phenyl  <ulphuroiu  cbloride  21 
PMorelol 
Ph^EoiPophroite 
Phorone 

Phosgenite  03 

Phosphine  218  21 

PhOBphncerlle 
Phosphoric  acid   {Phoeph 
hydratei 
"  anhydride 

Phosphorus  penloxide 
PhoiphotouB  acid    or  in 

Phosphorus  2j 

lodidf, 

"  Oxybromiiie 

"  0-vychlonde      88 

"  Osychlorobro 


FboEph  msandAl  mu  n 


Ph  mod   h 


Pi  U9  b  es       B  C  ftom 


d«s  3.   3b 


a  dium 
P      bag  h  te 

P  umb      compo     ds 
Le  d     m         d. 


(hi     de 
a  lorochro 
rhrumales 
Cobal  cjac 


Oylrafl 
Hjpouplal 
Hypo  nil  hit 


Biobo&uonde     225 


N  tro  olphale 

103 

Cialatea       1B„ 

Oxde 

Ide 

'            Per  hlurate 

1 

Permai  aanale 

PhoEphat)3Ul 

phate 

108 

Platinbromide 

41 

Platinchlonde 

S6 

Plntl  lod  de 

Raeemale 

1  litofluoride 

1  1 

Slannobroniide  "^ 

Sulphatea 

2 

S  iphile 

B  iphoeyanide 

10" 

Tanta  ofiuorld 

ISi 

Titanoflaor  da 
Zre  fl  orde 

23o 
225 
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Tartrate  1! 


bulpha,  e  Dry  ' 
Majiganes      Se 


Proptonic  aciri  .  .  139,231 
aldehyde  161, 152,233 
anhydride        .     113 

Propionltrile  (Elhyl  Cyan- 


Bulirale       1 
Chi  r  io 
Cyande 
Form  i.te 
Hydr  le 

Mercaptan 


Propionate  146  147, 232 

Succinate  .     169 

Sulphide  213, 239 

■^ulphooj  anide  216 

Piopvlamine  170, 235 

Projjioarbilamine  178 

Proyleiie    Bromide  202,203 


•'      "  Zinc  Chloride  ! 

"      "    "     Sulphate.  Dry  ■; 
Potassium  and    Zinc    Sul- 
phate. Hydrated    .       .    ' 


204 


Bromlnaled    . 


Tnsulphocarhon- 
atc      .       .       2 
Propylcnio  chloroniti 
Propyl  glycol  chlorhydrin 
Propylphycite        " 

tein.  CI  derlTaOves  of 
PronBtito 

gle  acid  (Hydrocyanic) 
Ptyohotlsajowan.  HCftoin 
Pulegium  micranthum.  Oil 

of 

Purpureo  cobalt  chloride 


Pyrai^yrite 
Pyrece  . 
Pyridine  . 
Pyrlle.   (Of  Iron) 

js.    (Copper)    , 
Pyrocitryl  chloride 

Pyromorphilo 
Pyroracemle  add    , 
PyiolariarLc      " 


Qnartenyllo  acid       .       .      16; 

Queroite  .  .  -  .  iC: 
Qulctllme.  (Calcium  oiide)  4i 
Qulnlcacid       .       .       ,       l& 


Rammelsberglte 

Realgar 

Red    hematile. 

oxide) ,       . 

4K 

Red  lead.    (Mmi 

Rhodium 

Ehodochroslte. 

(Mang 

nese  carbonate) 

11. 

Rhodonite    . 

RloInoleiORCld 

Hlj 

Roceelllo       '■ 

m 

Romelte   , 

Kosemary.    Oil  o 

. 

Alum 

■,y 
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KiiUle 
Kutylene 


n           h    h    nd  IB 

n   jd      rra  2" 

811      n     tram  thy  220 

Sll  TO    Iptr    hj  220  "" 

11  o           h       C  mp  d 

P    n        h  JO 


M      tc  r 


•^alicyl  hy  Iri  le 
SnUcflol 
SuliLyloas  add 
■(aliitenln 


■s;!™  artzenbtrglte 

'y^orodlte 

•^ebaci^;  acid 

Splenic  acid,  or  Sel  hydral 


Iodides 
Oxyohloclde 

Selenium  and  Phosphorus 

Chloride 
°elenvl  chliride 
Senarraontlle 
Serpentine 
"esquiterehene 
S111C&.   lEUicon  dioxide) 
Sllldcacldor  anbjdrlde 

(Silfeon  rtioildel 

■inioohjdrlo  btoml  le 

cMoride 


ecand  To    &u   h  d 
rsk 
ku     nidte 

Sm  th    m        Z         srb 


SlllC 


Bromide 
Chlorides 
Chlorobromlda 
Dioxide 


m.  Perrocyanide .  .  V12 

FluoaiEenale     .  103 

Flnophosphate  .  I'W 

Hydrate       .       ,  69 

Hypo^ulphale .  .  TS 

HypoBulphiie      .  TI 

Iodide  ...  -11 
+  Caiie  Sugar  224 


Sulphate 

79 

■' Ammonium  Arse- 

niite.  Triple 

92 

"    ■!    Phosphate" 

89 

"    "    Sulphate. 

"   "   Tttxlrale      . 

185 

nate.  fiaylueslte 

97 

•■  ■■  Sulphate.  Glau- 

97 

"  Hydrogen  Ctttbo- 

96 

"  Oxalate 

181 

•■  Sulphate 

'■  Platinum  Sulph- 

ida 

"  Poaiesium  Aise- 

nalc.  Triple 

92 

"     "  Carbonate. 

Dry    . 

Hydrated  97 

"      •'  Phospliate. 

Triple       . 

SO 

■        "^      ^'Sulphate. 

'       ■'  Uranium  Aietate 

18S 

S    btcacid       .      .      . 

165 

So  bite    .      .      .      . 

Specular  iron  ore.   (Ferric 

Oxide).      .      .      . 

phaerite.      .      .      . 

SO 

phalerite.    (Blende)      . 

ei 
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Sphena            .       .       .       ' 

m 

2iO 

Spinel                  .       - 

215 

Tetramjlene 

epirlli  of  wine.     (Ethyl 

Sulphur      ...      .1 

,16 

alcohol)      .       .         138 

'■       DIehloride      . 

82 

Tetrethilcne      Alcoh  1 

"       Orides         .       .45,46 

D  acetate 

"       Ojtychloride . 

37 

Tetryl    (Butyl) 

■m 

Thallium 

StanndimethyiaieUiyl    . 

223 

Sulphuric  acid.   See  also 

BHinnethyltrlmethyl    . 

223 

Hydrate . 

69 

Carb'  nate 

Stannic  acid  m  anhydride. 

Sulphuric  anhydride.    Sea 

bee  Tin  dioslde         .55,58 

Acid . 

EthylaK, 

BlannlL  or  Stannous    com 

'■       hydrate 

Ferrotjaniie 

pounds     See  Tin  com 

pounds 

Sae  also  Hydrate 

phoric  chloride  . 

PcrcMorate 

22E 

228 

Pi  rate 

PI  jsphaKa    80 

22S 

Add    .       .       . 

45 

"    hydrate       . 

69 

Slanntnethylphenyl    . 

223 

Sulphydric  acid.    (Hydro- 

&lanntrimethyl iodide    . 

223 

gen  sulphide) , 

Sulphate 

Smnntxlpropjl 

240 

103 

Sulph  de 

hut  h                               16S  IM 

Sjepoorite 

Stearic  add                   Ml 

142 

bylvlc  acid 

\a  adatca 

L 

w 

Tha 

um    an       \  tno 

Stear  no 

phiie 

Th 

Th 

^ 

T 

Thialdine 

St  btnethjl 

.J3. 

TM 

yl    hlorde 

Compounds  of 

Tal     a     par    W   lies  on  t 

)9S 

Thorte 

St  brnrneU  j 

iX- 

Tag  1  te 

Th 

ICK 

Oxde 

Stolite      Leadt  ngatale 

SI    ae  Thor 

Ch  oride 

Sulph  do 

Thyne     Oil  of 

Ta  ta  urn  and    Potas  un 

Th 

Flu  rile 

TlymKiym  1 

91 

Tartar  emeUc 

m                                ] 

thloride  Dry 

3 

Tar  ai  c  ac  d 

IUj 

Te 

man  it        Me    un 

Hj  dialed  3o 

Te  ureh)dH8oracld 

Hydrata 

69 

Tellurium 

IB 

Tn 

4" 

1                     Dioxide 

K  t  n  un  de 

Miate  Drj 

«l> 

'                     Or^anc    om 

Afsen  de 

U}dtated 

87 

pou    dsof 

Oxde 

46 

T  11  roufaniyd   de      D 

Sulphate 

J 

oxde) 

46 

0  ga  I    compoun  is 

Strmle 

« 

Toplr    te 

2^.3 

T  rcle  e 

CI  lorinated 

Tereb  lene 

Slyrolyl  ethyl  etler 

Protochlor  de     Dry 

fctyrjl  al  ohol 

Isomer    f 

Hydi 

Suberic  acid 

T  tra  hloreth     ox  de 

sele    les 

Suciln 

Drv 

s    phldcs 

Suoclnjlchlorde 

23t 

Sugar 

Td 

a  d  Ammonium  CI 

Supl    cjanace  ccth  r 
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bulp  ae 

80 

nd 
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ALPHAEETICAl   INDEX. 


TinandAmmoiilumFluo 

Tristear 

„ 

"l' 

\alerianioa:dchyiel.,''"i>A" 

ide 

225 

Trltjl 

Propyll 

llj 

anhjdride           1 

Trivalctylcne 

"    •■  Potassium  Bromide 

Troilite 

\alerodfUllotlijdnn             I 

37 

Trulle  t 

•» 

\  flier  glyteral                        1 

Timtone.    (Tin  dlontde) 

Tronft 

Valerone                          IM  2. 

Titanic  acid,  or  anliydrid 

Tungste 

\alen,nltrile      (Butyl    cy 

See  Titanltun  dloilde 

54,55 

f  blonde 

anidet                                1 

Titanium    .... 

28 

Oiidea 

50  ul 

Valeryl    Chlinde               l 

Bromide      . 

Osyi-blorile 

Chloride  .       . 

35 

Pbosplnde 

tih 

\flletylfne                           I 

Dioxide       . 

^,55 

Sulrhid= 

\alylcne                                  1 

"       +PaO 

103 

TungsH 

acid  franhjdn 

e 

\  anadlp  acid  or  anhydride 

Iodide  .       . 

See 

60 

\  nnadium  pentoxide 

Kitrocjanide  . 

Turglte 

Tilanlura  and     Potassiuii 

TurpL  1 

nuorido       .       .       29, 22o 

Turpeth 

Chi  rides 

Tolene     .... 

Toluidine    .... 

124 

"       Brominaled  .       . 

205 

lodaled     . 

^  anadjl      Broml  le 

Toluylcliloride.       .       . 

IT. 

Lhl  rides 

\  cratr  1                                   i 

Triacetln     .... 

162 

miman 

ite 

68 

\erdlBr5    (C  pper  acetate    J 

Triamylamine       .       . 

UrauitG 

(Torbemlle     ai 

^  tnjl     Bromide                     IT 

Tciamylene      .      .      . 

nle) 

Chlorida                     23 

205 

Urani  m 

Iodide                        2 

Tributylamlne  .       .       . 

Hjdrate 

\  ir  dine                                  1 

THbutyrin      .       , 

Mtrld  Blue    (Copper  aid 

Trtcetylamlne    .       .       . 

176 

D\aIatB 

IM 

phate)     -5  7 

238 

0X1  les 

Crcen  (FerrouBsul 

phate)       " 

237 

Oil  of    (<!u  phitric 

™  lum  Eho 

Ijdrate)    6 

phita    .... 

217 

phate  (Aul 

While    (Zlio   sul 

phute)         7 
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\l-iIaiHe                                  9 

T«dymile            .      . 

5J 

ph«te    (To 

^  oltztle                                     6 

Triethyl  oarbinol       ,       . 

Triethylene.    Alcohol 

Triethyllne     .       .       . 

161 

„ 

"     "   Oxide 

.    57 

Triethyl  phoaphln     . 

219 

U^an 

182 
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Com 

224 
17U 

w. 

lei 
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176 

Warlngtonilo         .       .       .    m 

Trimetbylcarbinol  .      . 

230 

V. 

Water 4 

"       Hydrate  280  | 

235 

Valentlnlte        .      .      . 

Trimethylene  bromide 

202 

Valeraee 

lonitrile  .      . 

Wbitneyite     ....    6 

Tiimethyline      .       .       . 

161 

Valeral,  Deriv  of.  CinHieO  169,235 

Willemite    ....       9 

Trimethyl  phosphin    . 

218 

'■      '■    CfoHsO, 

182 

"      "    CoHiaas 

0238 

Wood  spirit.    (Methyl  alco- 

Tripalmitine  .       . 

102 

"      "    OniHioC'1.0238 

Vakmld 

phamlde  . 

218 

Volerian 

c  acid  .       .      11 

,'232 

ttollastoiiite  .       .       .       .    W 
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100 
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ADVERTISEMENT. 


The  following  is  a  first  supplement  to  Part  I,  of  a  general  work  on  the 
"  CoKSTAXTS  OF  Natdke,"  gratuitously  prepared  for  the  Smithsonian  Institu- 
tion by  Professor  F.  W.  Clarke,  and  published  at  the  expense  of  its  fund. 

Part  I.,  on  Specific  Graviti^,  Boiling  Points  and  Melting  Points,  was 
published  in  1873,  since  whicli  time  the  new  determinations  have  been  made 
and  collected  which  form  this  supplement. 

JOSEPH  HENRY, 
SecreMry  Smithsonian  Institution. 
Washington,  April,  1S76. 
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PREFACE. 


The  foHoiring  supplement  to  Part  I  of  the  Constants  of  Nature,  con- 
tains, in  addition  to  determi nations  published  during  the  past  two  j-eare, 
some  materiala  which  were  overlooked  in  compiling  the  original  work.  In 
it  data  are  given  for  nearly  seven  hundred  substances,  of  which  at  least  four 
hundred  are  new  since  the  publication  of  Part  I. 

Of  course  the  compiler  is  anxious  that  his  work  should  be  as  thorough 
as  possible,  and  hence  he  will  be  greatly  obliged  to  any  person  calling  his 
attention  to  errors  or  omissions.  He  would  also  request  investigators  having 
unpublished  determinations  on  hand  to  favor  him  with  copies  of  them  for 
use  in  subsequent  supplements  or  editions.  Such  material  is  always  worth 
saving,  even  when  it  is  not  of  sufTicient  value  to  warrant  publishing  by  itself. 

Pew  explanations  are  needed  in  this  supplement.  The  arrangement 
and  abbreviations  are  the  same  which  were  originally  used,  with  the  excep- 
tion of  a  very  few  new  titles  for  periodicals.  These  are  abbreviated  as 
follows : — 

B.  D.  C.  G.     "Berichte  der  Deutschen  Chcmischen  Gesellschaft." 

B.  H.  A.  S.  F.    "Bulletin  Hebdomadaire  de  I'AsBociation  Scientifique  de 

France." 

C.  C.  or  C.  Cent.      "Chemisches  Centralblatt."    All  references  to  this 

periodical  apply  only  to  the  third  or  current  series. 
Fortsch.  d.  Phys.    "  Fortschritte  der  Physik." 

F.  W.  C. 

CiNCiKKATi,  March  9, 1876. 
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SUPPLEMENT 

TABLES  OF  SPECIFIC  GRATITY,  BOILING  POINT 
AND  MELTING  POINT. 


I.  Elementary  Substances. 


-. _- . — 

Name. 

Point. 

Point. 

'  Bromine. 

5.-24'.  5- 

'  Sodium. 

0.97. 

0.9743.  10°.          1 

0.9735-  '3°-  S-      J 

'  Potassium. 

0.8750.  13^          1 
0.8766,  18".          1 

'Silver. 

10. 1053.      Slowly  CGOltd  from  fusion 
10.5513-                     U™.                 l'"""' 
10.4476.      Hamiiierid. 
9.6323,      Gr,iniilaKd. 
9,8463,      Brink. 

1032=. 

H      " 

9.5538.      Cryst   in  ianiii^. 

10.4913-     Wi.*. 

10,5700.      Solid.     1 
9,46.2,       Mo.cc.    J 

AUTHORITIES. 


3  D  C  G  4 
927 
'  Troost  &.  Hautefeuille    C 

sjBaumhauer     B  D  C  G 

6   b55 
MBiumhauer     B  D  C  G. 

I     (>  b55 
tjBaunihauer     B  I>  C  G. 


a  f  Baumliauer     B,  D.  C,  G 
I    6   G55 
'Wilson     Eorlschritte   clet 

Phvs     8   425 
»   Baudnmuiit    J,  F.  T,   7. 

8   Bdodrimont    J,  F.  P,    7, 

10   Baudrmiont    J.  P.  P,   7, 


Baudriniont.  J,  F,  I'.    7, 

287. 
Baudriniont.   J.  F,  I'.    7. 

Biiudrimoiit,    J.  F,  r,    7, 

Uaudrimoiit.    J,  F,  P.    7. 

2S7, 
•  Roberts.    C,  N,    31,  143. 
I  Roberts,    C,  N.   31,  143. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

Boiling 

Melting 
Point. 

■  Sulphur. 

1.87.      Amon-h.YdW.    1 
I.9I-I.93.    ■■        Ero,vc.     j 

'         " 

'         i( 

2.069.      Native. 

'          u 

2.0748.  O^      C.y«. 

"Selenium. 

4.406.    21=.      Ciyst.     ■ 

«        .1 

4495-    Gray. 

'        <i 

4.514.            "      Granular. 

»        « 

4-79.        Fr""  alkaline 

;:  " 

4-86.          selenidcs. 
4.418,     CrysL 

;;     "    ■ 

4-59-    J     sulphide. 
4.27-4.34,      Amorphous, 

3.7S- 

■'  Lead. 

II. 1603. 
n.3775-     Wire. 

:  " 

11.361.    70=.        ) 
1..07.     M.l.n.       \ 
11,335-    o°- 

7-761.      Wire, 

"Copper. 

8.4525.      Slowly  cooled  from  fusion. 

1236". 

_ -__. 

8.go3.     0".     piaK. 

AUTHORITIES. 


'  f  JfiiUer.  Jaliresberielit.  19. 
I     118. 

'\  Miiller.  Jahreabericht.  19. 
I,     118. 

'  Kopp.    A.  C.  P.  93.  129. 
Pisati.   B.  D.  C.  G.   7.361. 
'Neumann.  P.  A.  126.  138. 
Rammelsberg.  P.  A.  152. 

154. 
Eammelsberg.  P.  A.  152 

154. 
EammeUbei^.  P.  A.  152. 

154. 
Eammelsbei^.  P.  A.  1S2. 


Raramelsberg.  P.  A.  152. 

15*. 
Rammelsberg.  P.  A.  152. 

EammeUbeig.  P.  A.  152. 

154. 
Rammelsberg.  P.  A.  162. 

154. 
Eammelsbei^.  P.  A.  152. 

Eammelsberg.  P.  A.  152. 
154. 

Kern.    C.  N.    31. 


243. 


"  Guyton.  Nieh.    J.   (1).   1. 

110. 
"  Baudrimont.     J.  P.  P.  7. 

278. 
>»  [Mallet,  8.  J.  (3).  8.  212. 
ailMQllet.  S.  J.  (3).  8.  212. 
*•  Quincke.  P.  A.  67.  396. 
"Weber.  P.  A.  146.  257. 
'^Wilson.   Fortsch.  d.  Pbys. 

8.  425. 
"Baudrimont.     J.  F.  P.   7. 

287. 
^=  Quincke.     P.   A.   97.  39S. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
PoiDt. 

'  Copper. 

8,9565.     17'.     \ 
8.945.     0°.         J 

'Palladium. 

12.104. 

5  Platinum. 

21.504.     i7°-6- 

nridium. 

22.421.     17".$. 

'  Zinc. 

1033", 

'  Cadmium. 

8.6689.      Wire, 

8  Mercury. 

13.6078.      0". 

13.582.    5»-io".     1 
13.570.     lo'-is".    [ 

13.558.       lS''-20°.     i 

"  Phosphorus. 

1,83676.      0°.         ^ 
1.82321.      JO".       \ 

i.So68r.    44°-     J 
1.74924..    40".     ] 
1,6949-     ^00"  ■      '^M.,.. 
1.6027.    200". 
1.52867.     280°.  J 

44''-4. 

IB                 „ 

■J"           "           Amorphous. 

2.34.    0°. 

1 

" 

2,148.      0".      Prfpared   at  ^65". 

1. 

a           °                      „ 

iloj.  °i             "        I   'Z^. 

J 

AUTHORITIES. 


ifHampe.    C.  C.    6.   379. 

10 

Regnault.    P.A.    «2.  50.;  "s 

Pisati  &.  DeFranehis   B. 

Regnault.    P.A.    62.  60. 

D.C.G     '!    70 

*Troost&  Ilautefeuille.    C. 

Eegnault.    P.A.    62.  SO.." 

Pisati  &  DePranclus.   B.| 

D.  C.  0.    8.  70.              j» 

Troost    &.    Hautefemlle. 

sDeville  &  Debmy.    P.  SI. 

11 

Pisati  &  De  Francliis.   B.i 

B.  D.  C  G     7    482 

(4).  50.  5fi0. 

D.  C.  G.    8.70.              ■" 

«  Deviile  &  Debray.    P.  M 

IS 

Pisati  &  DePranchia.    B.; 

B.  D.  C  G     7   4S2. 

(4).  50.  551. 

D.  C.  G.    8.  70.               ■" 

'WeinhoM.    P.A.  149. 186 

Pisati  *  DePranchis.    B. 

B.  D.  C  G     7   432 

SBaudrimont.  J.  P.  P.  7.  278 

D.  C,  G.    S.  70.               ■" 

Troost    A.    HautefeuiUe. 

3  Hallstrom.  Gilb.  Ann.  20 
397. 

" 

Piaati  &  DeFranohig.    B, 
D.  C.  G.    8.  70. 

B.  ».(.(".      7    1S> 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Specific  Gravity. 

BoilingI  Melting 
Point.  I   Point. 

'  Gold. 

19.2945.      Unrolled,     \ 
19.2982.       Rolled,         J 

'  Ciirbon,      Diamond. 

3.5J433.     iSM. 
3-5  H3- 
3.529.     IS"- 

"        «           Charcoal     from 

I.8I-1.85. 

sugar. 

'  Tin. 

7.2914. 

7.3395.    Wi«. 

7.143.    lEcductd   byH.  fm 

^1 

J 

7.166 

1     stannous  chloride. 

"     « 

7.ig5 

PreQipitattd. 

7.310 

"  Cerium. 

6.62X 

Elcclrolytic.     1 
Afu:r  Fusion,     J 

f  Bciwcm 

H          „ 

';.72£ 

ISM^, 

"  Lanthanum. 

6,049 

6.i6i 

1  Electrolytic. 

"Didymium. 

6.544 

Electrolytic, 

AUTHORITIES, 


'    Roberta.    C,  S.  J.  (2).  12, 
203. 

'  Gnyton.  Nioh.  J 
110. 

■    (1)-    1. 

.. 

Hillebraiid&  Norton,  P. 
A.  156.  471. 

'   Robertg.     C.  S.  J.  (2).  12, 

P,  P.     7 

11 

Hillebrand  &  Norton,  P. 

203. 

27S. 

'v.  SohrotfCT.      Jaliresber- 

Rammelsbei?. 

B,  D.  C. 

Ilillebrand  &  Norton.  P. 

icht,    24.  257. 

G.    3.  725. 

A.  156.  473. 

EaramelabeTK 

B.  D.  C. 

Hillebrand  &  Norton.  P. 

24.  257. 

G     3   -25 

A.  156.  473. 

'  Dufrenoy.     Jahresbericht, 

Ra  nn  el=berj, 

B.  D.  C. 

"Hlllebrand  A  Norton.    P. 

24.  258, 

(       5       o 

A,  156.  474. 

"Moniet.  B,H.A,S,F,   14. 

Rami     1    PT" 

13. 

G      i       -i 
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SPECIFIC  GHAVITY  TABLES. 


II.  Fli'oeides,  Chlorides,  Bbojiides,  and  Iodides. 


Specific 

Boiling       Melt. 

Name. 

Formula. 

Gravity. 

Point.      '  Point. 

'  Strontium  fluoride. 

SrF,. 

4.210. 

'Lead 

PbFr 

8.341. 

'  Araenic  trifluoride. 

ASF3. 

2.66.     1. 

64°-66°, 

'  Potassium  titan  ofluoride 

Kj  Ti  F,.  Hj  0. 

2.992, 

=  Copper                   " 

CuTiF,4H,0. 

2.529, 

*  Am monium stannofluor- 

ide. 

Am.  Sn  F,. 

2.88?. 

'  Potassium             " 

K,  Sn  Fj.  H,  0. 

3.053- 

'  Manganese            « 

Mn  Sn  F,.  6H,  0. 

2.307. 

•Cobalt 

:;o  Sn  F,.  6H,  0. 

2,604. 

'"  Potassium  zircofluoride. 

K,  Zr  F,. 

3.582. 

"  Nickel 

NiZrF9.6H,0. 

2,227. 

"Zinc 

ZnZrF5.6H,0. 

3.255. 

"Potassium  tantalofluor- 

ide. 

K,  Ta  F,. 

4,056. 

"          11        niob  ofluoride. 

K,NbOF,.n,0 

2,813. 

'^Copper 

CuSbOF,.4H,,0 

2.750. 

'"Iodine  monochloride. 

I  01, 

3.263.     0° 

i03°5-ioi°5 

24°,7. 

"  Sodium  cliloride. 

NaCl. 

2.0(5-2 .08. 

2.155.  i5'-5. 
1.612.  96o^ 

,s       I             I 

„ 

'"         «                  ir 

« 

960-, 

''  Potassium    " 

KCl. 

1.918.  15=.5. 
1,90-1.91. 
1.612.  730°- 

730=. 

"^  Ammonium  chloride. 

N  H,  CI. 

.,52.  i5=.5- 



■  Schroder,  i  P.  A.  Ergan- 
Y     zutigsbaud. 
'Schroder,  i      6.623, 
'Mac  Ivor.    C.  N.  30. 169. 
•Topaoij.    0.  Cent.    4.76. 
sTopsoe,    0.  Cent.    4.76, 
"Topaoe.    C.Cent.    4.76. 
'Topaoe.    C,  Cent.    4.76. 
'Topaoe.    C.  Cent.    4.76. 
»Topso6.    C,  Cent.    4,76. 


AUTHOmTIES, 

'"Topsoe.    C.  Cent.    4.76. 
niopsoe,    C.  Cent.   4,76, 
"TopsoS.    0.  Cent.   4.76. 
"Topsoe.    C.  Cent.   4.76. 
"Topsoe.    C.  Cent.   4.7C, 
"Topsoe.    C.  Ceiit,   4.T6. 
nfHannay.    C.S.J,     (2). 
i     11.818.    Long  series  of 
1^     values  given. 
"Page&Keightley.  C.S.J. 
(2).  10.  566.  _ 


isHolker.  P,  M.  (3).27.  213. 
I'Braun.  C.  S.  J.  (2).  13.  3 
™  Braun.  P.  A.  154,  190, 
"Holker.  P.M.  (3).  27.213. 
M  i-pageAKeightley.    C.i 

\     J.  (2).  10.  566. 
"Braun.    C.S.J.{2]. 13.31 
MBiaun.    P.  A.  154.  190. 
^(Uolket.     P.M.  (3).  27. 

\     214. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melt. 
Point. 

'Sulphur  chloride. 

S,  CI,. 

1.6970.  5''-io'. 
1.6S82.  W-ij^l 

'  Strontium     « 

Sr  01,. 

1.6793- i5°-2o°J 
3-054- 
2.770.  910=. 

'  Barium          " 

Ba  CI5. 

3-7-  i7°5- 

910°. 

"  Lead 

Pb  Clj. 

•Manganese    « 
"Zinc 

Mn  CI,. 
Zn  Olj. 

2.47S. 

262". 

"  Phosphorua  trichloride 

PCI, 

1.6091.  5=-io° 
1.6001.  10-15° 

'  Antimonic  chloride. 

SbCl,. 

1.59".  i5''-2o- 
1.61294. 0°.      ) 
1.46919.  75%  ) 

75°-9 

-6^ 

'  Perchlorethylcnc. 
*  Silicon  tetrachloride. 

C,  CI.. 
Si  CI., 

1.6595.  0°. 
1.5083.  s'-io".] 

121". 

'  Titimium        « 

Ti  CI,. 

1.4983.  io°-i5° 
i.4484.i5''-20° 
1.7487-  5°-io°-l 
1.7403-  io°-f5? 

<■  Tin 

Sii  CI,. 

1.73^2.  i5°-2o" 
2.2618.  s°-io°. 

'Potassium  palladiocldo- 
ride. 

K,  Pd  C\. 

2.2492.  io=-i5° 

2.2368.  I5''-20? 

2.806.  \ 

2.739-  1 

'Ammonium        « 

Am,  Pd  C\. 

->  Nickel 

Si  Pd  Clj.  6H,  0. 

'  Magnesium         a 
'Zinc 

MgPdCV6H,0. 
Zn  Pd  Clj.  6H,  0, 

2.  J  24. 
2-3S9- 

'  f  Eegnault.  P.  A.  62.  £ 
» j  Regnault.  P.  A.  62.  f 
»  lEegnault.  P.  A.  62.  £ 
^Schroder.  A.  C.  P.  174.  '. 
SBraun.  C.S.J.  (2).  13.  31. 
'  Brauii.  P.  A.  154. 190. 
'  Kremers.  P.  A.  85.  42. 
"Braun.  P.  A.  154.190. 
'Schroder.  A.  C. P.  174.249. 

'"Brauii.     P.  A.  154.  190. 

"  ^  Begnaiilt.     P.  A.  m.  50, 


AUTHOEITIES. 

f  Eegnault.    P,  A.  62.  50. 

lEegnault,    P.  A,  62,50 

(Thorpe.  B.D.CG.S. 331- 

jThorpe.  B.D.  C.G.  8. 331. 

Kammerer.  B.IJ.C.G.  8.607. 

Bonrgoin.  B,  D.C.  Q,  8,548. 
■  f  Eegnault.  P.  A.  62.  SO. 
ME^nault  P.  A.  62.50. 
'  lltegnaalt.    P.  A.  62.50. 

(Eegnault.  P.  A.  62.  60. 
'iRggnault.    P.  A.62.50. 


°  1  E^nault.    P.  A.  62.  60. 
"  f  Eegnault.    P.  A.  62.  50. 
«■  \  Eegnault.    P.  A.  62.  50, 
»  iBegnanlt,    P.  A.  62.50, 
^JTopsoe.    C.  Cent,    4,76. 
"Topaoa.    C.  Cent.   4,76. 
""Topsoe.    C.  Cent.   4.76. 
"Topsoii.    C.  Cent   4.76. 
'"Topsoti.    C.  Cent.   4.76. 
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SPECIFIC  GSAVITY  TABLES. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling  \    Melt. 
Point.    ,   Point. 

'  Ammonium      platin- 

chloride. 

Am,  Pt  Clfi. 

3.065. 

'  Sodium 

Na,  Pt  Clj.  6H,  0. 

2.500. 

'  Magneaiuni            " 

MgPtCVeH^O. 
MgPtCls.l2H,0. 

2437- 
2.060. 

"  Manganese            « 

MnPtCl6.6H,0. 
MnPtClj.l2H,0. 

2.692. 

'  Iron                       1 

Fe  Pt  Clj.  6H,  0. 

2.714- 

'  Copper 

Cu  Pt  Clj.  6H,  0. 

2.734- 

'Catlmium               « 

Cd  Pt  01,,  6H.,  0.  I2.882. 

'"  Barium                  « 

Ba  Pt  C\.  4H5  0.   2.868. 

"  Lead 

Pb  Pt  CI,.  3H,  0.  I2.681. 

"  Cadmium        ammonio 

chloride. 

Cd  Clr  2N-  Us-     2.632. 

'=  Barium  zinc  chloride. 

2BaCVZnCl,.4H,0,  2.845. 

"  Barium  cadmium  chlo- 

ride. 

BaCl,.  Cd  C]5.4H,0 

2.968. 

'^  PhospViorua     oxychlo- 

ride. 

P  0  CI3. 

1.6936.  IO=,       1 
T.6i8r.  51°. 
I.5ioo8.i07°23l 

107=23. 

"  Phosphorus       eulpho- 

chloride. 

P  S  CI3. 

1.66816,0.° 

125.° 

™  Pj-rophoaphoric    chlo- 

ride. 

P,  0,  01^. 

1.58.7.° 

2IO°2I5'> 

"  Sulphur  bromide. 

SBr. 

2.63. 

''  Antimony  tribromide. 

Sb  Brj. 

3.473, 96.°  L. 

283." 

go." 

^  Bismuth 

Bi  Br,. 

I 98° 202° 

"  Barium  cadmium  bro- 

mide. 

BaBr,.CdBr,.4H,0 

3.687. 

"  Mercury  hydrogen    " 

HgBr,.HBr.4H.,0 

3.17.      Fas=d. 

!     13.° 

AUTHORITIES. 


'  Topaoe- 

C.  Cent. 

4.76. 

'"Topaoe.    C.  Cent.    4. 

6. 

"Thorpe,  B.  D.  C.  G.  8.S30. 

'Topsoij. 

C.  Oent- 

4.76. 

"TopsoS.    C,  Cent.    4. 

6- 

so  Geuther  and  MidJaelis,  B. 

'TOpsoe. 

C.  Ceut- 

4.78. 

"Topaoe.    C.  Cent.   4. 

6. 

S-  C,  18.  231. 

iTopaoii. 

C.  Ceut- 

4.76. 

"Wamer.    C.  H.  27.  2 

iHannay-    C.  Cent,  4. 581. 

1  Topsoe. 

C-  Cent. 

4.76, 

"Topsoe-    C-Cent.   4, 

6- 

^  Mac  Ivor,    C,  N.  29.  179. 

"Topsofl. 

C-  Cent. 

4.76. 

'5    Thorpe.  B.D.C.G. 

,329. 

23  Mac  Ivor.    C.  N.  30. 191. 

'  Topsoe. 

0.  Cent- 

4.76, 

'»    Thorpe,  B,D,C,G. 

,;-i29. 

»  Topsoe.    C-  Cei!t,  4.  76. 

8  Topsoe. 

C-  Cent. 

4,7S, 

11    Thorpe,  B.D.C.G. 

.329. 

^  Thonisen,    J,  F,  P.  (2),  11. 

"Topsoe. 

C-  Cent. 

4.76, 

"    Thorpe.  B.  D.  C.  G. 

.■m. 

283, 

=iGoogle 


SPECIFIC  GBA  VITV  TABLES. 


Name. 

Formula.              Specific  Gravity. 

Point 

Point 

'Nickel     anmioiiiobro- 

1 

mide 

NiBr,.  6NH:,.     1.837. 

'  Cadmium             " 

CdBr,.  2NH,.    13.366. 

'Potaasium  stiinnobro- 

mide. 

Kj  Sn  Br,. 

3-783. 

'  Ammonium           « 

Am,  Sn  Brj. 

'  Strontium    platinbro- 

midc 

SrPtBrj.  9H,0.  2.923. 

'  Barium                   « 

BaPtBrj.  10  H5O.  3.713. 

'  Lead 

PbPtBj-j.         ,6.025. 

« Sodium 

Naj  Pt  Br^.  6  H,  0. 

3-323- 

*  Potassium              « 

Kj  Pt  Br^, 

4.541- 

"■  Ammonium           " 

Auij  Pt  Brj. 

4.200. 

"  Manganese             " 

MnPtBr^.  13H,0- 

2.759- 

"  Cobalt 

CoPtBr,.   12H,0. 

2.762.1    Two 

"Nickel 

Ni  Pt  Br,.  6  H,  0. 

"  Magneaimn            a 

Hg  Pt  Br,.  12  H,  0. 

2,802, 

"Zioc 

ZnPtBr,.  12H,0. 

2.877- 

1' Phosphorus    sulphobro- 

mide. 

P  S  Brj. 

2.S7. 

36.' 4. 

"  Potassium  iodide. 

KI. 

2.497,666.= 

'■■'         «             .1 

I  666." 

'"Silver            «     -| 

Agl. 

5.406,  450.°   Molten, 

I     "               "1  5"?j 

5,8167,   116." 

^ 

55^1-      Cry^t. 
5,681,0= '^[^^^.^^^''e 

45<=.° 

"'     i-               11       "^ 

„                           ,8j2     ByfuliiiicnAgl 

^  Carbon  tetriodide. 

CI..     !4.«,»..r'-.  '[ 

""  Sodium  platiniodjde. 

Na,Ptrs.6H,0.    '3-707.                        ! 

"  Potassium        « 

KjPtlj.           5.031.                        1 

AUTHORITIES. 


'  Topsoe.  C.  Cent.  4.  76. 

"  Topsoe.  C.  Cent.  4 

*  Topaoe.  C.  Cent.  4 

'  Topsoe.  C.  Cent.  4 

'  Topsoe.  C.  Cent.  4 

'  Topsoe.  C.  Cent.  4.  76. 

'  Topaoe.  C.  Cent.  4.  76. 

1  Topsoe.  C.  Cent.  4. 

'  Topsoe.  C.  Cent.  4. 


">  TnpsOB.    C.  Cent.  4.  76.  I "'  Braun:    P.  A.  164. 100. 

"Topsoe.    C.  Cent.  4.  76.  |»'|'Rodwell.    C.  N.  31.  4. 

"  ( Topsoe.    C,  Cent.  4. 76.  |  ^     Kodwell.    C.  N.  SI.  4. 

"  (  Topsoe,    C.  Cent.  4.  78.  "  ■  Rodwell.    C.  N.  31.  4. 

"  Topsoe.    C.  Cent.  4.  76.  |  "     Rodwell.    C.  N.  31.  4. 

"TopsoS.    C.  Cent.  4.  76.  ."Lltodwell.    C.  N.  31.  4. 

'«  Topsoe.    C.  Cent.  4.  76.  1  >"  Gostavson.    C.  E.  78. 1126. 

"  Mac  Ivor.    C.  N.  29.  118.  ;  ^  Topaoe.    C.  Cent.  4.  76. 
"  Biann.    C.  S.  J,  (2).  13.  31., "  Topsoe.    C.  C«nt.  4.  76. 
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SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula.          Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

>  Ammonium platiniodidc'     Am,  Ft  Ij-      4-6io- 
=  Mangftnese            «          lMnPtI,.9H,0. 3.604. 
nroii                          "           ;FePtI,.9H,0.3.45S- 
'Cobalt                    "          ■CoPtI,.9H,0.3.6iS. 
i      „                        „          'C0PtI,.12H,0.'3.o48. 
"Nickel                   "          JNiPtIs.6H,0.'3.976. 
1      „                        "           Ni  Pt  I,.  9  H,  0.3.54-9- 
sZinc                       "          IZnPtI,.9H,0.'3.689, 

>  Miignesiuro           «          iMgPtl,.  9H,0.'3.458. 
■"  Nickel  ammoiiioiodiUe  Nil,.  6  N  Hj.    2.101. 

Ill,  Oxides  and  Sui,phide8. 


Name. 

Formula. 

Specific  Gravity, 

Boiling'    Melt. 
Point,  i  Point. 

"  Ice. 

H5O. 

0.91674. 

"  Lciid  dioxide. 

PI)  0,. 

9,045. 

'*  Hematite. 

Fe,  0,. 

3.079. 

"  Alumina.    Ruby. 

Al,  O3. 

3-95-     Na.u,sl.         "1 
3-;-      Araficial. 

"          B          Sapphire. 

3,98-      N..u,al.           J 

■'  Euthenium  tetroxide. 

KuO,. 

"Magnesia. 

MgO. 

3.1932,0."                ^ 
3.2014,  0."                  1 

»         « 

3.2482, 0.°       r 

n          .1 

3.5699,  0.°                 J 

'•Lanthanum  oside. 

La,  0,. 

6.53,  17.° 

"  Didymium        « 

Di,,  O3. 

6.852. 

"Nitrous  oxide. 

N,  0. 

0.9004,  o."     L. 

-92.° 

-99.° 

>*  Silicon  dioxide. 

SiO,. 

2.61.      Quartj. 

»      « 

" 

AUTITOEITIES. 


1  Topaoe.  C.  Cent.  4 

'Topaoe,  C.  Cent.  4 

'  Topsoe.  C.  Cent.  4.  76. 

*  Topaoe,  C.  Cent.  4 

6  TopsoB.  C.  Cent.  4 

«  Topsoe.  C.  Cent.  4 

'  TopsoH.  C.  Cent.  4 

'  Topsoe.  C.  Cent.  4 

»  Topsoe.  C.  Cent.  4.  76. 

'"  Topsoe.  C.  Cent.  4 


'■  Bunsen.    A.  C.  Phys-  (4). 

23.65. 
I!  Wernicke.    C.  S.  J.  (2).  9. 

306. 
"Neumann.    P.  A.  23.  1. 
»  f  Williams.    C.  N.  23.  101. 
'S  I  Williams.   C.  N.  28.  101, 
i«  I  Williams.    C.  N,  28.  101. 
"  Devi  lie  and  Debray. 

80.  458. 


w  r  Ditte.  C.  S.  ,T.  (2).  9.  S70. 
IS  First  BBiiiple  cnlrinaS  M 
^  .;         3.W°-.  SfCoiiJ  nl  44U=;  lliinl 

u    [        bright  rednMB. 
"  Cleve,    B.  S.  C.  21.  196. 
M  Ciere.  C.  S.  J.  (2).  13,  340. 
MWill.    C.  N.  28.  1:0. 
"i  Neumann.    P.  A.  23.  I. 
58  V.  Rath.    S.  J.  (3).  7.   149. 
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SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula. 

Specific  Gravity, 

Boiling 
Point. 

Mehing 
Point. 

'  Silicon  dioxide. 

SiO, 

2.3II.|Anifi.ial 

'      «  ■           « 

2-373- J 

*  Tin 

Sii  0,. 

6.952.     Tinstone. 

^Zirconium  « 

ZrO, 

5-42-1   CryslalUzed  from 
S.52.I         bor.x. 

'  Tantalic  acid. 

Ta,  Oj. 

7-234-7.253- 

'  Lead  sulphide. 

PbS. 

6.77.  Attif.  crySMiowder 

'"  Iron  disulphide. 

FeS,. 

5.042.        Pyritc.                 1 

"  Zinc  sulphide. 

ZnS. 

"Arsenic  disulphide. 

As,  a,. 

3.240.       Realg»r. 

"Antimony  trisulphide. 

Sb,8,. 

4.603.      Stillnitc. 

"  Carbon  monosulphide. 

CS. 

1,66. 

"       11       disulphide. 

OS,. 

1.2823,  S'-'o."      1 
1.2750,  io''-i5.'' 
1.2676,  is^-ao." 

1.2665,  i6.''o6. 

"Selenioua     " 
^  Ferric  hydrate. 


IV.  Hydrates. 


ir,  Se  Oj. 
FejOj.  3H,0. 


Specific  Gravity. 


-857,  0.° 
.852S9, c 
3-' 23, 


AUTHORITIES. 


'   I'G.Rose.  B- DC.  G.  2.338 

•8cbneider.J.F.F.(2).2.91 

'     G.Eose,B.D.  C.G.2,38S 

w  f  Neumann.    P.  A.  23. 1. 
"  1  Neumann.    P.  A.  23. 1. 

3   I.G,Rose.B,D,C.G.2.389 

*  Keumaiin.    P.  A.  23.  1. 

"  Nenniaini.    P.  A.  23. 1. 

12.333. 

"     Knop.    A.  C.  P.  159.  52 

"Neumann.    P.  A.  23. 1. 

^  Marigiiac.  A.  C.  Pliys.  (4). 

"Neumann.    P.  A.  23. 1. 

22.420. 

s     Knop.    A.  C.  P.  159.  52 

1*  Sidot.    C.  R.  81.  33. 

and  53. 

"  rJi^nault.    P.  A.  62.  50. 

'  Oesten.    P.  A.  100.  342. 

"  j  Eegnault.    P.  A.  02.  SO. 

'  Neumann.    P.  A.  23. 1. 

"    l Eegnault.     P.  A.  G^.  50. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point, 

'  Ferric  liydrate.             o 

Fe,  0,.  H,  0. 

4.22-4,24,  Loswithiel 

4,11.    Compact, 

4,19.     fibrous. 

'  Hypophosplioroua           ] 

hydrate 

H,  P  0,. 

1.493,  iS-'B,      Fused, 

'  Phosphorous           « 

Hj  P  O3. 

,.65I.2I."2.           .. 

« Phosphoric 

Ha  P  0,. 

1,884.  i8,''2.       « 

38.%- 

v.  Chlorate,?  and  Brojiates. 


Name 

Formula.           Specific  Gravity. 

Boiling 
Point. 

Melt. 
Point. 

1   t      mm  ell  ne 

K  CI  0,.            2,323. 

=  1hc 

ic-ClO,,         I4-439 

•Lead 

Pb  CI   0(.  H,  0.  13.989 

"Metcurj  o'^j  cl  Inrtte 

Hg  U  0,.  H,0.   5.151 

"  PotiBBium  broniate 

kBrO,.      ■     3-ii8 

'  Cilcium 

L\Bi   OeHjO.    3-329 

"  Stronti  1 11 

SrBr^O,,  H,0.   ■3-77; 

"Baiium 

BiBi^Oj,  H,  0,    3820 

"Lead 

Pb  Br  Oj.  H5  0,    4-950 

«Ni  kel 

ISiBi  Oe-  6  H;  0,^2.575 

"Con   1 

(uBr^Oe-  6Hj  0,2,58: 

'"Migncs  im       « 

AlgBr  0,.  6HjO.:2.289 

■"  Zinc 

ZnBr  0,,  6  H,  0.12.566 

"Cilmiim 

UBr  0,.  2H5  0,!3-7S8 

"Mercury  o^^lrc     ate 

Hi,  Br,  0,.H,0.  [5-815. 

AUTH0RITIE3. 


■    (Yorke.      P.   M.   (3).   27 

«  Thoinseo.  J.P,P.  (2).  2. 160 

1' Topsoe,    CCent,  4,  76. 

2G5  and  2G7. 

'  Holker.   P.  M.  (3).  27.  213 

'5Topao« 

a  Cent.  4 

76, 

! 

Yorke.     P.  M.   (3).  27 

8  Topsoe.    C.  Cent.  4.  76. 

"Topsoe 

C.  Cent.  4 

76. 

265  and  267. 

'  Topsoe.    C.  Cent.  i.  76. 

"  Topsoe 

C.  Cent.  4 

76. 

3 

Yorke.     P.  M,   (3).   27. 

"Topsoii.    C.  Cent.  4.  76. 

"  Topsoe 

C.  Cent.  4 

76. 

265  and  267. 

"  Topsoe.    C.  Cent  4.  76. 

"  Topsoe 

C,  Cent.  4 

76. 

*ThojiiBen..T,P.P.  (2).2.160 

"  Topsoe.    C.  Cent,  4,  76. 

•»  Topsoe 

C.  Cent.  4 

SI 

homsen.J.F.P.  (2).2.160 

"Topsoe.    C.  Cent.  4.  76. 

"  Topsoe 

C.  Cent-  4 

76. 
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SPI^CIFJC  GRAVITY  TABLES. 


VI,    DlTHIOKATES    AND    SuLPHATES. 


Name, 

Formula. 

Spec 

fic  Gravity. 

Boiling 
Point. 

Melt. 
Point. 

'  Lithium  ditliionate. 

Li,  S,  0,.  2  H,  0. 

2.158- 

"  Sodium            11 

Na,S,0«.2H,0. 

2.1RQ 

'  Potassium       « 

K,S,0,. 

2.277 

*  Silver 

Ag,8,0,.2H,0. 

^6o; 

'Ammonium    « 

Am,  S,  0,. 

'  Calcium           " 

Ca  S,  Oe.  4  H,  0. 

2,i8o 

'  Strontium       « 

Sr  S,  Oj.  4  H,  0. 

'  Barium            " 

Ba  S,  O^.  4  H,  0. 

1.142 

"Lead 

Pb  S,  Oj.  4  H,  0. 

V24S 

'"  Iron                   n 

Fe  S,  0,.  7  H,  O. 

I.87-; 

"  Manga  uese      « 

Mn  S,  Oj.  6  H,  0. 

I-?-;? 

"Cobalt 

Co  S^  Os.  8  H,  0. 

i.KiS 

"  Nickel 

NiS,0,.6H,0. 

i.OoS 

"Zinc 

Zn  S,  0,.  6  H,  0. 

"  Cadmium 

td  S,  0,.  6  H,  0, 

2.272 

"  Magnesium     « 

Mg  8,  Oe.  6  H,  0, 

1.666 

' 

"Sodium  sulphate. 

Nil,  S  0.. 

2.I04,  1280.= 

I2So.° 

"  Potassium     « 

K,  S  0,. 

2.676. 

'"  Calcium 

Ca  S  0.. 

*'  Strontium     « 

Sr  S  Oj. 

3-955 
l.<)49 

Cdsslinc. 

"  Barium          « 

Ba  S  0^. 

4-424 

Eariif. 

"  Lead 

P!>  S  0,. 

6,12Q 

v2Su.J 

''     « 

6.212 

™  Manganese    n 

Mn  S  O,. 

.1-102 

16." 

"           " 

Mn  8  0,.  4  Hj  0. 

2.201 

AUTHOiUTlES. 


'  Topsoii. 

C.  Cent.  i. 

7fi 

"  Topsoe. 

C.  Cent.  4.  76.        "  Keumani).    P.  A.  23.  1. 

'  Topsoe. 

C.  Cent.  4. 

7t 

"  Topsoe. 

C.  Cent.  4.  7) 

"Schroder.     P.  A.  Ei^iinz. 

»  Topsoii. 

C.  Cent.  i. 

7B 

•'  Topsoe. 

C.  Cent.  4.  7( 

1        bd.  C.  622. 

C.  Cent.  4. 

7(! 

"  Topsoii. 

C.  Cent.  4.  76 

i"  Neumann.    P.  A,  23. 1. 

>  Topsoe. 

C.  Cent.  4. 

7f 

"  Topsoii. 

C.  Cent.  4.  7( 

«     Scbrixler.   P.  A.  ErgOnz. 

1  Topsoe. 

C.  Cent.  4. 

7b 

'"  Topsoe, 

C.  Cent  4.  7( 

1       ,     hd.  6.  622. 

'  Topsoe. 

0.  Cent.  4. 

7f 

"  Braiin. 

C.  S.  J.  (2).  If 

31.: «     Schroder.   P.  A.  Erganz. 

"  Topsoii. 

C.  Cent.  4. 

7t 

P.  A.  154.  la 

bd.  6.  622. 

•  Topsoii. 

C.  Cent.  4. 

7fi 

"  Holker. 

P.  M.  (3).  27.  213., »  Pape.    P,  A.  120.  368. 

'"  Topsoe. 

C.  Cent.  4. 

76 

»Neuma 

n.    P.  A.  23. 

.      1"  Topsoe.    C.  Cent.  4.  76. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melt. 
Point. 

'  Manganese  sulphate. 

Mn  S  0..  5  Hj  0. 

2.059,  16.° 

'  Iron                    " 

Fe  S  0..  7  H,  0. 

1.9854.  1 5.= 
1.851,  i5°5- 

'  Nickel 

m  s  0,. 

Ni  8  0,.  6  H,  0. 
Ni  S  0..  7  H,  0. 

3.643,  1 6.° 
2.042-2.074. 
1.877,  i6-° 

'  Copper 

CuSO,. 
Cu  8  0,.  H,  0. 
Cu  S  0..  2  H,  O. 
Cu  S  0^,  3  H,  0. 
Cu  S  0,.  5  H,  0. 

3-527.  16.° 
3.125,  16.= 

2.268,  i6.° 
2.268,  16.° 

"  Zinc                    " 

Zn  8  0,. 
Zn  S  0,.  H,  0. 

Zn  S  0..  7  H,  O. 

3435.  16-° 
3-215.  16-° 
1.976.  iS-°5- 
i.goi,  16.° 

'"  M.ignesium        " 

Mg  8  0^. 

2.675.  16.° 

..     , 

Mg  S  0,.  H,  0. 
Mg  S  0^,  7  H,  0. 

1.701,  16.' 
1.66s,  i5."5- 

^  Glueinum           « 

Gl  S  0,.  4  H,  0. 

1.725. 

Th(SOJj.  9HjO 

2.767. 

"  Syngenite. 

CaS0,.K^,.HjO 

2.603. 

^  Ferric  potassium  alum. 

FeK(S0,),.12H,0 

1.83'. 

"     «      ammonium    « 

1.719. 

"Potassium  magnesium 

sulphate 

K,  Mg  {S  OJ,. 

2735.-2-750- 

»       <.         nickel     " 

K,  Ni  (8  OJ,. 

3.086. 

"        -          cobalt      « 

K,  Co  (S  0^),. 

3-105- 

=*        "      manganese  <■ 

K^  Mn  (S  OJ,. 

3-03 '■ 

AUTHOKITIES. 


1  Pape,    P.  A.  120.  372. 

=  Pape.    P.  A.  :20.  372. 

» Holker.     P.    M.    (3).    27.  ' 
214. 

*  Pape.    P-  A.  120.  369. 

1  Topsoe.    C.  Cent.  4.  76. 

fPape.    P.A.  120.  373. 

'Pape.    P.  A.  120.  368- 

8  Pape.    P-  A.  120.  370. 

s  Pape.  P.  A.  120.  371. 
'« Pape.  P.  A.  120.  371. 
"Pape.    P.  A.  120.371. 


Pape,  P.  A.  120.  3(17. 
Pape.  P.  A.  120.  369. 
Holker.     P.   M.    (3). 

213. 
Pape.  P.  A.  120.  374. 
Pape.  P.  A.  120.  3C7. 
Pape.  P.  A.  120.  369. 
Pape.  P.  A.  120.  373. 
'  Holker. 


^  Zcpharovicli.    C.  S.  J.  (2). 
12. 133. 
'.  "  Topsoe.    C.  Cent.  *.  76- 
"  Topaoii.    C.  Cent.  4.  76. 
^  Soliroder.    B.  D.  .C.  G.  7. 


1117. 


^  Schroder. 
1117. 
(3).    27.  "  Schroder. 
213.  1118. 

Topsoii.    C.  Cent.  4.  76.        ^  Schroder. 
Topsoe-    B.  S.  C.  21. 120.  1118. 

Si.ipp.-B. 


B.  D.  C.  G.  7. 
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SPECIFIC  GHA  VITY  TABLES. 


VII.  Selenates  and  Cheomates. 


Name. 

Formula. 

Specific 
Gravity. 

Boil. 
Point, 

Melting 
Point. 

'  Lithium  selenate. 

Li,  Se  O..  H,  0. 

2,439- 

'  Sodium           " 

Na,  Se  0,. 
Naa  Sc  Oj.  10  Hj  0. 

3,098 
1.584 

'  Potassium       » 

K,  Se  O^. 

3,050 

'Ammonium    " 

Am,  Se  0.. 

2.162 

'  Calcium          " 

Ca  Se  0,.  2  H,  0. 

2.676 

'  Glucinum       'i 

Gl  Se  0..  4  H,  0. 

2,039 

» Tliorium         II 

Th  [Se  0.},.  9  Hj  0. 

3.026 

*  Manganese     " 

Mn  Se  0<,  2  H,  0. 
Mn  Se  0..  5  H,  0. 

2.949 
2-334 

"  Iron                  " 

Fe  Se  0^.  7  H,  0. 

2.073 

"  Nickel 

Ni  Se  0^,  6  H,  O. 

2.314 

"  Cobalt             II 

Co  Se  0..  5  H,  0. 
Co  Se  0.,  6  H,  0. 
Co  Se  0,.  7  H,  0. 

2,512 
2,179 
2.135 

"  Copper            II 

Cu  Se  0..  5  H,  0. 

2.559 

"  Zinc 

Zn  Se  0..  5  H,  0. 
Zn  Se  0^.  6  H,  0. 

2.S9I 
2.325 

"  Magnesium    « 

Wg  Se  O4.  6  H,  0. 

1.928 

"  Cadmium       " 

Cd  Se  0..  2  H,  0. 

3-632 

"  Ammonium     hydro 

gen 

gelen 

ate.           Am  H  Se  0.. 

2,409 

'^  Sodium  potassium 

Na,  Se  0,.  3  K,  Se  0.. 

3-095 

"  Manganese    " 

a       Mil  K,  [Se  0,),.  2  H,  0. 
.       MnAm^CSeOJ,.  6H,0 

3.070 
2.093 

as  Iron                 " 

1      Fe  Aflij  (SeOJj.  6H5O 

2,160 

«  Cobalt 

B      CoAma8eO.),.6H,0 

2.212 

"       «        potassium 

u       CoK,  (SeOJ,.6H,0. 

2.514 

=»  Nickel 

1       Ni  K,  (Se  0,),.  6  H,  0. 

2.S39 

AUTHORITIES. 

>Top3oe.    C,  Cent.  4.  76 

'"  Topso 

.    C.  Cent.  4,  76. 

=»  Topsoij. 

C.  Cent.  4.  76, 

'Topsoe.    C.  Cent.  4.  76 

"  Topsof 

.    C.  Cent.  4,  76 

="  Topsoe. 

C.  Cent.  4.  76 

"Topaoe.    C.  Cent.  4.  76 

■'  Topso 

.    C,  Cent  4.  76 

'"  Topsoe. 

C.  Cent.  4.  76 

•  Topsoe.    C.  Cent.  4.  76 

"  Topso 

.    C,  Cent.  4.76 

^  Topaoe. 

C.  Cent.  4.  76 

s  Topsoe.    C.  Cent.  4.  76 

"  Topsoi 

.    C.  Cent.  4.  76 

«  Topsoe. 

C.  Cent.  4.  76 

» TopsoS.    C.  Cent.  4.  76 

"Topso 

.    C.  Cent,  4.  76 

»  Topaoe. 

C.  Cent.  4.  76 

'Top3oe.    C.  Cent.  4.76 

"Topso 

.    C,  Cent,  4.  76 

=<  Topsoe. 

C.  Cent,  4,  76 

"Topsoe.    B.  S.C.  21. 1 

1.    "  Topso 

.    C.  Cent.  4,  7G 

"  Topsoi?. 

C.  Cent.  4.  76 

»  Topsoe.    0.  Cent.  4.  76 

■s  Topso 

.    C.  Cent.  4.  76 

^  Topsoe. 

C.  Cent.  4.  76 

"Topsoe.    C.  Cent.  4.  76. 
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SPECIFIC  GRA  riTY  TABLES. 


Name. 

Foimula. 

Specific 
Gravity, 

Boil. 

Point. 

Melting 
Point. 

'  Nickel  ammonium 

selenate. 

NiAm,(SeOJ,.  6H,0. 

2.228. 

CuAm,  (8e0.1j.6H,0. 

2.221 

'       ■<        potassium    « 

CiiKj{SeOJ,.  GHjO. 

2.^37 

•  Zinc               "           " 

ZiiK;,(SeO,)j.  6H,0. 
ZnK,  (8eO,),.2H,0. 

3.210 

■     «       ammonium    - 

ZnAm5{SeOJj,6H,0. 

2.200 

'  Cadmium      «           • 

Cd  Am,  (8eO.),.6H,0. 
CdAm,(SeOJ,.  2HjO 

2.307 
2.8q7 

•Magnesium    <■           « 

MgAm,(SeO,}j.6H,0 

2-03  S 

w         «      potassium    » 

Mg  K,  (Se  0.),.  6  H,  0. 

2.3.^0 

"  Cadmium       «           « 

Cd  Kj  (Se  OJ,.  2  H,  0. 

3-370 

"  Silver  ammonio 

Ag,  (Se  0,).  4  N  Hj. 

2.854 

"  Potassium  chromate. 

K,  Cr  0^. 

2.678,  r5.°s 

"          0         trichromate. 

Kj  Crj  0,^,. 

2.676.  1 
2.702.  J 

"  Silver  chromate. 

Ag,  Cr  0,. 

5536. 

"    B    ammonio  chromate 

Agj  Cr  0..  4  N  H,. 

2.717. 

VIII.  Nitrates,  Vanadates,  Ahsbnates,  and  Phosphates. 


Name. 

Formula. 

Specific 
Gravity. 

Boil. 
Point. 

Melting 

"  Sodium  nitrate. 

Na  NOj. 
Na  NO3,  7  H,  0. 

2.246,  I5.°5. 
z.24-2.25. 
1.878.  3'4-° 

1-357.  0-° 

3i4.° 
L.  above -lo.° 

AUTHORITIES. 


w  Topsoe.    C.  Cent.  4.  76. 

"Eettig.    A.  C.  P.  173.  72. 

'Topsoe.    C.  Cent.  4.  76 

"Topsoe.    0.  Cent.  4.  76. 

"  Topsoe.    C.  Cent.  4.  76. 

«  Topaoe.    C.  Cent.  4.  76 

IS  Topaoe.    0.  Cent.  i.  78. 

*Top5oe.    C.  Cent.  4.  76 

UHolker.     P.    M.    (3).   27. 

213. 

M  Page  &  Keightley.   C.S.J. 

«  Topaoe.    C.  Cent.  4.  76 

»     Schroder-    A.  C.  P.   174. 

249. 

*  Topsoe.    C.  Cent.  4.  76 

15     Schroder.    A-  C.  P-  174- 

»Topsoe.    C.  Cent.  4.  76 

[     249. 

=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific 

Gravity. 

Boil. 
Point. 

Melt. 
Point. 

'  Potassium  nitrate. 

''  Ammonium  « 
°  Barium         « 
'  Lead 

KNO3. 

N  H,,  N  Oj. 

Bm  K,  O^. 
rb  N,  Oj. 

2.074.  iS^S- 

2,06, 
1.702. 342.°. 

3.228,  i7.°5- 
4.41,  I5.°5. 

342.° 
'45^ 

'  Bismuth  vanadate. 

5.91,  Puditritc. 

'  Potassium  hydrogen  ar- 
senate. 
'°  Ammonium  «          « 
"          ■<           "  phosphate 

K  Hj  As  0,. 
Am  Hj  As  0.. 
Am  H,  P  0,. 

2.852. 

2.308. 

1.779- 

IX.  Caebonates. 


Specific 

Boil.  ',  Melt. 

Gravity. 

Point. 

Point. 

"  Sodium  carbonate. 

Na,  C  0,. 
Na,  C  Oj.  10  H,  0. 

2.041 ,  960," 
r.45S,  i5.°5. 

960.' 

"  Potassium      « 

K,  C  O3. 

"  Arragonite. 

Ca  C  O3. 

2.926.  1 

2.750.  J 

1150.° 

'"  Calcite. 

"  Lead  carbonate. 

Pb  C  O3. 

™     «             « 

« 

6.717.)  oYu^ 

"  Chalybite. 

Fe  0  O3. 

3.872. 

"  Magnesite, 

Mg  C  0,. 

"  Dolomite 

Ca  0  Oj.  Mg  C  0,. 

2.914.  1 
2.918.  / 

" 

AUTHORITIES. 


1  Holker.   P.  M.  (3).  27.  213. 
'  Page  &  Kcightley.    C.S.J. 

(3).  10.  566. 
'  Branii.    C.  S.  J.  (2).  13.  31. 
*  Braun.    P.  A.  154. 190. 
'•  Fcankenheim.  P.  A.  93.  IT. 
«  Kremera.    P.  A.  85.  42. 
'  Holker.  P.  M.  (3).  27.  214. 
^Prenzel.     J.  P.  P.  (2),  4. 

227. 


'  Topsoe.    C.  Cent  4.  76. 
'  Topsoe.    C.  Cent.  i.  76. 
'  Schroder.  B.  D.  C.  G.  7. 677. 
'  Braun.   C.  S.  J.  (2).  13.  31. 
'  Braun.    P.  A.  154. 190. 
'  Holker.      P.   M.    (3).   27. 

214. 
i  Braun.    C.   S.  J.  (3).  13, 

31. 
»  Braun.    P.  A.  154.  190. 


'  /Neumann,    P.  A.  23.  1. 
«  t  Neumann.    P.  A.  23.  1, 

i  Schroder,  P.  A.  Ei^iinz, 
bd,  6.  622. 
Schroder.  P.  A.  Bigiinz. 
bd.  6,  622, 
'  Neumann.    P.  A.  23,  1. 
'  Neumann.    P.  A.  23. 1. 
'  /Neumann.     P,  A.  23.  1. 
'   I  Neumann.    P.  A.  23. 1. 
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SPECIFIC  GEA  VITY  TABLES. 


X.     SlLICOFLUORIDES. 


Name. 

F.„„,.. 

Specific 
Gravity. 

Boil.  '  Melt. 
Point.!  Point. 

'  Lithium  silicofluoride. 

Li^SiF,.    2H,0.        2 

244. 

'  Ammonium     « 

Amj  Si  F^.              I 

970. 

'  Calcium           « 

CaSiFj.    2H,0.        2 

254. 

'  Copper             11 

CuSilV    4H,  0.        2 
CuSiFj.    6H,  0.        2 

535- 

•  Nicltel 

NiSiFj.    6H,0.        2 

'  Cobalt 

Co  Si  F„.    6H,  0.        3 

067. 

'  Manganese      « 

MnSiF,.     6H,  0.        i 

858. 

'  Magnesium      « 

MgSiFs-    6H,  0.        I 

761. 

■"Zinc                  " 

Zn  Si  F,.     6H,  0.         2 

104. 

XI.    Miscellaneous  Inorganic  Compounds. 


Name. 

Formula. 

Specific 
Gravity. 

Boil.  1  Melt. 
Point.  Point. 

"  Potaaaium  manganicy- 

anide. 

Kj  Mil  Cyj. 

1,821, 

"  Potassium     cobalticv- 

anide. 

Kj  Co  Cvj. 

"Thorium  platinocyan- 

ide. 

Th  Pt,  Cy^,  IGH,  0. 

2.460. 

"  Ammonio-cyanide    of 

silver  and  iron. 

(FejAg„CVi5.3NH3)j.H^O 

2.42-2.47.  i4:'2. 

"  Ammonium     ferrocy- 

anide-  with  ammo- 

nium chloride. 

AmjFeCy6.2AmCl.3HjO. 

"  Potassium      aelenat* 

with  nickel  sulphate- 

K,Ni(SeOJ[80J.6H,0. 

2.34. 

AUTirOEITIES. 


'  Topsoe. 

0.  Cent. 

4.76. 

'  Topsoi!. 

C.  Cent. 

4.76. 

"Topsoe.    B,  8.  C.  21,  lis. 

'Topsoe. 

C.  Cent. 

4.76. 

'  Topaoe. 

C.  Cent. 

4.76. 

''Gintl.    22.321.     - 

'Topsoe. 

C.  Cent. 

4.76. 

"Topsofi. 

C.  Cent. 

4.76. 

'5  Topsoe.    CCent.    4,76, 

*  Topsoe. 

C.  Cent. 

4.76. 

'"  Topsoe. 

C.  Cent. 

4.76. 

''Von  Gerichten.      B.  S.  C. 

»Top3oe. 

CCent. 

4.76. 

"  Topsoe. 

CCent 

4.76. 

20.  80. 

'Topsoe. 

C.  Cent. 

4,7a 

"Topsoe. 

C.  Cent. 

4.76. 
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SPECIFIC  GRAVITY  TABLES. 


Specific 

Boil. 

Melt. 

Name. 

Formula. 

Gravity. 

Point, 

Point, 

'  MagneKium  niobate. 

4MgO.     N]j,Oi,. 

4-3- 

'  Manganese         " 

4.94- 

'Cryst.  tin  compound. 

2  Sn  O,.     P,  O5. 
SnOi,    P,Os. 

3.87-3-98. 
3.61. 

"     u    zirconium « 

ZrOj.    F5O5. 

3-1 2-3 '4- 

*  Vanadium-wagnerite. 

Ca,V,0,.    CaCl,. 

4.01.  Arlif.cryst, 

'  Iron  nitride. 

Fes  N,. 

3.147.  Impute. 

8  Palladium  hydride. 

PdjH. 

11.06. 

'  Sodium 

Na,  H. 

o.OW. 

XII.    Metallic  Alloys. 


Name. 

Formula, 

Specific  Gravity 

Boiling 
Point, 

Melting 
Point. 

"Silver  and  copper. 

Agj  Cu,. 

9.0554.      Mol«n. 

"  Lead  and  palladium. 

Pb  Pdj. 

11.225. 

'2      i<         "     tin. 

Pb  Sn. 
Pb   Snj. 

9.387-     '3°-3- 
8.777.     i3''-3- 

"     B        "    mercury. 

Pb,  Hg,. 

12,49,   17°. 

"Tin  and  bismuth. 

Sn,  Bi. 
Sn  Bi. 

8.085. 
8,759- 

"  Zinc  and  antimony. 

Sb  Zn. 
Sb,  Zn,. 

6.383-6.384. 
6.327. 

"Tin,  bismuth  and  lead 

Pb  Sn,  Bi. 

Pb  Sn,  Bi^ 

9-2S3-    20= 

2'     n             B           n     anti- 

Bi Sb  Sn,. 

7,883-    20°. 

mony 

AITTHORITIEa. 


iJoly.    C.  R.  81.  268- 
"Joly.    B.  S.  C.  25.  67. 
SKnop.    A.  C.P.   159.39. 
•  Knop.    A.  C.  P.   169.  39. 
'Knop.    A.  C.P.   159.48. 
BHautefeuille.   C.  S.  J.   (2). 

12.  131, 
'Silvestri.   B,D.C.G.  8.1356. 


'Troost  &  Hautefeuille.   C. 

R.  78.  970. 
"  Troost  &  Hautefeuiile.    C. 

R.  78.  970. 
'"Roberta.    C.N.    31.  143. 
"Bauer.    24.  317, 
"Regnault.    P.  A,    53.  67. 
"Regnault.    P.  A.    53.  67. 


"Bauer.  24.  317. 
■SRegnaiilt.  P,  A.  53.67. 
"  Regnault.  P.  A.  53.  67. 
"  Cooke.  P.  M.  (4).  19.  413. 
"Cooke.  P.M.  (4).  19.  413- 
"  R«gnault.  P.  A.  53.  67. 
^  Regnault  P.  A,  62.  67. 
'"Eegnault.    P.  A.    53,  67. 
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SPECIFIC  GBATITY  TABLES. 


XIII.     Hydrocarbons. 


Boiling    1  Melting 

Name. 

Formula. 

Point. 

Point. 

'  Amyl    hydride. 

Cs  H,j. 

6z6.     14°. 

s^^-ss"- 

'Hexyl 

C.  H„. 

'  Heptyl 

C,  H,3. 

693-     12° 

ge^'^S". 

*Octyl 

c,  n,,. 

723.     13° 

118    120  . 

'Nonyl 

c,  n,o. 

744.     '3° 

'  Decatyl 

C„  H.„. 

758.     14° 

'Endecatyl    « 

C„  H,.. 

^Duodecatj-1  « 

a,  2CX)  . 

>  Heptylene. 

c,  n... 

9212.    24". 

83°-84°- 

10 

7144.    o". 

"  Benzol. 

C,  Hj, 

.899487.    0°.   1 
883573.     '5^ 
.872627.    25°. 
.846170.     50°. 
.818721.    7S''-. 
.8931.  S'-io"-  1 
.8827.  lo^-is". 

"       „ 

" 

.8838.  15 

-20-.J 

AUTHORITIES. 


■  Cahoura  &  Demarsay.    C- 

R.  80.  15U9. 
>  Cahours  &  Demargay.    C. 

R.  SO.  1570. 
'Cahours  &  Demarfay.    C. 

R.  80.  1570. 
'  Cahours  &  Bemas^ay.    C. 

R.  80.  1571. 
5C:iliour3&  Domarijay.    C. 


n 

Pisati  &  Patemo.    C.  S 

E.     80.  1571. 

J.  |2).    12.  GS6, 

1  CaUonra  &  Demarfay.    C. 

IS 

Pisati  1^  Paterno.    C.  8 

ij 

Pisati  &  Patemo.    C.  8 

sGrimshaw   &     Schorlem- 

13 

PiaaH  &  Patemo.    C.  S 

mer.C.S.J.  (2).  11.1073 

iipawlow.  A.C.P.  173.  liM 

16 

Regnault.    P.  A.  62,  50. 

"  f  Ksati  &  Paterno.     C.  S 

{      J.  (2).     12,  68..              |- 

iRegnault.    P,  A. 'i2  5D. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravitj 

Boiling 

Point. 

Melting 
Point. 

'  Benzol. 

0.H,. 

.90033.  o=. 
.89502.  5». 
.88982.  10°. 
.88462.  is°. 
.87940.  20". 
.87417.  25°. 
.86891.  30°. 
•86362.  35°. 
.85829.  40°. 
.85291.  45°. 
,84748.  so". 
.84198.  55°. 
.83642.  60=. 
83078.  65°. 
82505.  70^ 
81923.  75=. 
81331-  80". 

"Toluol. 

C,  H, 

866.  20°. 

"  Cumol. 

C,  11,, 

87976.  0°. 

85870.  25°. 
83756.  50'. 

-        I 

„ 

81585.75''. 
79324.  100". 

"  Mcta  ethyl  toluol. 

869.  20^ 

k8°  icio" 

==  Cymol,  From  cummin 

oil. 

C,oH,„ 

87446.0".            'l;5^^. 

. " ^ 

" 

85457-  35°.        J  ,' 

'  fAdrieenz,    B.D.C.G.    6. 

442. 
'    Adrieenz.    B.D.C.G.    6. 

442. 
'    Adrieena.   B.D.C.G.    6, 

442.  I 

■  AiJrieenB.    B.D.C.G. 

442. 

■  Adrieenz.    B.  D.  C.  G.    6. 

442. 
Adrieenz.    B.D.C.G.   6 

442. 
Adrieenz.   B.D.C.G. 

442. 
Adrieenz.    B.D.C.G. 

442. 
Adrieena.    B.D.C.G. 

442. 


Adrieenz.    B.D.C.G. 


442. 


Adrieenz. 

442. 
Adrieenz 


B.D.C.G.  e. 

B.D.C.G.  6. 
B,  D.  C.  G, 

B.D.C.G.  6. 

B.D.C.G.  6, 

B.D.C.G.  6. 

i.D.C,G.  6. 
i  Post  &  Mehrteiis.  B.  D.  C. 


Adrieenz. 

442. 
Adrieenz. 

443. 
Adrieenz. 


C.  S. 


PiKati  &  Patemo. 

J,  (2).  12.  686. 
Pisalj  &  Fatemo. 

J.  (2).  12.  686. 
Pisati  &  Patemo. 

J-  (2).  12.  6 
Pisafi  &  Patemo,     C.  8. 

J.  (2).  12.  6S6. 
Pisati  &  Patemo.     C.  S. 

"Wroblevsliy.     C.  Cent.  6. 

'  f  Pisati  A  Patemo.      C.  3. 

I     J.  (2).  12.  6S6. 
«  j  Pisati  &  Taterno.      C.  S, 

I     J.  (2),  12.  6SC. 


G.  : 


l.Wl. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Poim. 

Melting 
Point. 

'Cymol.  From  cummin 

C„  H,^. 

82352.  20°. 

79307.  100=. 
8708.  o". 
8572.  20°. 2. 

r7S''-i- 
i75°- 

'       «           From  cymyl 

alcohol. 

87227.  0°. 
85258.  25°- 

.82352. 50°. 

.81209.  7S°- 
.79129.  100°. 

i77°-2S- 

"        11      From  oaniphor. 

.87224.  0'. 
.85237.  25=. 
.83251-  50°. 
.81330.  75°- 
.79122.  JOO". 
.8732.  0°. 

i76°-S5- 

"       K  From  wormwooi: 

oil. 

.8707.  0°. 

'7S°- 

'*>       «    From  thyme  oil 

.86542- o".         1 

.78429.   100°.      j 

I       I 

" 

.36. 

.8424.   (    --fS 

" 

.8638.  1  it"4 

13          „ 

„ 

.858.  16°. 

=*  Dimethyl  ethyl  benzol. ;               " 

.8644.  20°, 

iBo'-iSb". 

AirriroRiTiEs. 


> 

Piaati  &  Patemo.     C.  S, 

J 

Pisati  &  Pat«rno. 

as. 

"  Beilstein  &  KuplTer,  A.  C. 

J.  (2).  12.  686. 

P.  170.  295. 

Pisali  &  Patemo.     C.  S- 

i« 

Pisati  A  Patemo. 

C.S. 

"    Pisati  &  Patemo.     C.  S. 

J.  (2).  12.  680. 

J.  (2).  12.  686. 

J.  (2).  12.  686. 

Pisati  &  Palfimo.     C.  S. 

" 

Ksati  &  Patemo. 

C.S. 

18    Pisati  &  Paterno.     C.  8. 

J.  (2).  12.  686. 

J.  (2).  12.  686. 

J.  (2).  12.  686. 

Beilstdn  &  Ktipifer.     C. 

u 

Pisati  &  Patemo. 

C.S. 

s»  Gladstone.  C.  8.  J.  (2).  11. 

S.  J.  (3).  12.  152. 

J.  (2).  12.  686. 

699. 

Beilstein  &  Kupffer.     C. 

19 

Pisatt  &  Patemo. 

S.  J.  (3).  12.  152. 

J.  (2).  13.  686. 

Pisati  &  Patemo.     C.  S. 

Pisati  &  Patemo. 

C.S. 

2'    Gladstone.     C.  S.  J.  (2). 

J.  (2).  12.  686. 

11.  970, 

naaii  &  Pat«mo.      C.  S. 

Piaad  &  Patemo. 

0.8. 

'i'Orlowsky.     B.   S.  C.    21. 

J.  (2).  12.  686. 

J.  (2).  12.  686. 

321. 

PiaaU  *;  Paterno.      C.  8 

lOBeilstein&Kapffer 

C.S. 

"Jacobsen.     B.  S.  C.      24. 

[    J.  (2).  12.  686. 

J.  (2).  12. 152. 

73. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Tetramethyl  bcnj^ol. 

C,„H„. 

8816.  9". 

196'. 

'  Normal  phenyl  butyl. 

S622.  1 5°. 

180°. 

'  cPhenyl  laobutvl. 

89.  15". 

1 67°.  5.        \ 

V      " 

8726.  16=. 

1 70°- 172°. 

'  Methyl  diethyl  benzol. 

C„H,,. 

S790.  20'. 

i98=-20o°. 

*Oil  of  citron. 

Cio  n,6. 

8597.  S^-io"-  1 
8558.  loM 5-. 
8518.  i5°-2o''.J 

'  Caoutchin. 

855.  °°.            1 
842.  20=.          j 

i77»-i79''. 

"  Polymer  of  isoprenc. 

866.  o=.            1 
854.  21".           J 

176'-!  Si". 

"  Olibene, 

863.   i2=. 

156°-! 58^ 

"  Calamus  oil. 

8793. 0°. 

i58=-iS9°- 

■*  From  parsnip  oil. 

865.   12°. 

i6o°-i64=. 

"  Camphcne. 

848i.47°.7- 

.i 

8387.  58°.9- 
8211.  79''.7. 

.S6°-i57'- 

45°-47''- 

"             a 

8062.  97°.7- 

=°  Tercbcne. 

8645.  5=-io'. 

8605.  lO^-Ij'. 
8564.  15°-20°. 

« 

8767.  o=. 
8600.  20°. 
8433-  40°- 

.56=. 

'= 

8267,  60'. 

" 

8100.  80°. 

'*          « 

7933.  loo". 

-     . 

8264.  15°. 

'5S°-iS7°- 

AUTHORITIES. 


'Knublauch.  Tubingen  In- 

'  /  Bc)ucliardat,B.S.C.24,100 
■"  i.  Bouchardat.B.S.C.24.109 

IS  f  Riban.    B.  S.  C.   24.  9. 
"I  Kiban.    B.  S.  C.  24.0. 

aug.  Diss.  1872. 

> 

Kadziszewsld.    B.D.  C. 

1     Boucliardat.   B.D.C.G, 

^  rEegtiauit.    P.  A.  62.  50. 

G.  9.  260. 

8.  Ofti, 

«  ]  Regnault.    P,  A,  62.  50. 

» 

Eadziszewski.    B.  D.  C. 

"     Bouchardat.   B.D.C.G. 

«  I  Regnault,    P.  A.  62.  60. 

G.  9.  2G0. 

8.  9IM. 

Riban.    B.  S-  C.  21. 173. 

Eadziszewski.    B.  D.  C. 

"  Kurbatow.  A.  C.  P.  173.  1. 

u 

Riban,    B.  S,  C.  21.  IT3. 

G.  9.  260. 

"Kurbatow.  A.  C.  P.  173.  1. 

Riban.    B.  S.  C.  21. 173. 

5  Jacobsen.    B.  S.  C.  24.  74. 

"v.  GericbteQ.    B.D.C.G. 

. 

Riban.    B.  S.  C.  21. 173. 

«   fEegnault.    P.  A.  62.50. 

9,259. 

Riban.    B.  S.  C.  21. 173. 

'  JEegnault.    P.  A.  62.50, 

i«  /  Kiban.    B.  8.  C.   24.  9. 
"  t  Riban.    B.  S.  C.  24.  9. 

Riban.    B.  S,  C,  21.  173. 

'  L  Renault.   P.  A.  62.50, 

=3  0rlowsfcy.   B,S.C.  21.  321. 
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SPECIFIC  GRAVITY  TABLES. 


Name-. 

Formula, 

Specific  Gravity 

Boiliog 
Point. 

Melling 
Point. 

'  Terebenthene. 

C,o  H„. 

8767. 
R601. 

i.  1 

8436. 
8270. 

8IO-;. 

40=.   , 

60°. 

80". 

i56'-5- 

'            11 

79W- 

100°. 

'  Isotcrebenthene. 

8586. 
8427- 

0°. 

20°.a8. 

"                      0 

« 

8271- 

40°.  19-  , 

175°. 

10                 „ 

" 

Kill. 

ss^.s^. 

" 

7964. 

79''.24. 

Vi                     „ 

7793- 

100°. 

"From  cubeb  oil. 

C„  H,.. 

q28Q. 

0°. 

264°-265». 

»      «      dove.      . 

Qoi;, 

15'- 

2S3°-9- 

•*      0      calamus " 

« 

942. 

o". 

asS^-^sS". 

"Oil  of  cedar. 

9231. 

18°. 

252°. 

"       n     saiital  wood. 

9190. 

"      "    vitivert. 

Q112, 

255". 

"Petrolene. 

S9S3- 

5'-io=. 

™        " 

" 

892  N 

,o°-.5°.  )- 
iS'-so^.J 

"Poplar  oil. 

C^  H3, 

,9003. 

260°. 

='Tetraterebenthene. 

0„  H„. 

■977- 

0°. 

Below    ioo=. 

"  Isopropyl  acetylene. 

C,  H,. 

.6^2. 

11°. 

'^Dipropai^l. 

C,  H.. 

.81. 

8=. 

85°. 

"*  Hexhydroisoxylol. 

C,  H„. 

■777- 

0°. 

"Tetramethyl  allene. 

C,H„. 

.q^n. 

9°- 

iiS'-izo". 

''Tolyl  phenyl. 

C„  H„. 

i.oiq. 

27°. 

263^-267°. 

—2. 

"Benzyl  ethyl  benzoi. 

Cii  H„. 

.qB^. 

i8> 

294°-29S''- 

'"Phenantlirene  tetrahy- 

dride. 

C,.  H„. 

1.067. 

IO°,2. 

3'o=, 

AUTIIOKITIES. 


Riban     B  8  <     21   173 

"Oglialore.    B,  D.  C.  G,    R. 

=3  Riban.    C.  E.    T9.  391. 

RihdD     B  3  C   31    173 

1357. 

"Bruylants.   B.  D.  C.  G.   8. 

Riban     b  S  C  21   173 

"Church.    C.S.J.   (2).    13. 

407. 

Rvban     B  8  C   21   173 

115. 

!»L.  Henry.    C.aj.  (2).  11. 

Riban     B  8  C   21   173 

'BKurbatow.  A.C.P.  173.  I, 

1215. 

Riban     B  8  C   21   173 

" Gladstone.  C.S.  J.  (3).  10. 1. 

■»  Wreden.  C.  S.  J.  (2).  12. 258. 

Eihan     C  R     70   314 

"  Gladstone.  C.  8.  J.  (2).  10. 1, 

"L.  Henry.    B.  D.C.  G.    3. 

Eiban     C  R      79   314 

"Gladstone.  C.S.  J.(2).10. 1. 

400. 

Eiban     P  R     79   314 

"  r  Regnault.    P.  A.  62.  50. 

!9  Canielley.  C.  S.  J.  (2).   14. 

lu 

Eiban     C  E     7'>  314 

>^\  Regnault.    P.  A.  62.  50. 

18, 

Riban     C   E     79   314 

=1  I  Regnault.    P.  A.  62.  50. 

"  Walker.  B.  D.  C.  G.  5,  686, 

" 

Eiban     C  R     79   314 

"  Piecard.    C.  Cent.    6.  *. 

MGraebe.  C.  8,  J.  (2).  14.  70, 
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SPECIFIC  GRAVITY   TABLES. 


Name. 

For 

raula. 

Specific  Gravity 

Point!' 

Melting 
Point. 

'  Phenyl  xylene. 

c, 

Hu- 

(.01.     o=. 

283'-286°. 

^From  benzyl  toluol. 

0„ 

Ha,. 

1.049. 

392''-396°. 

'      «  phcnylbromelhyl. 

U, 

His. 

.98. 

278=^280'. 

*      11   calamus  oil. 

c, 

H,a. 

.8793.     0°. 

*  Eetene. 

u, 

His. 

1.08-I.13, 

gS'.s. 

XIV.     COMPOU^-DS    CONTAINIKG   C,    H,    AND   O. 


Name. 

Formula. 

Specific  Gravily 

Boiling 
Point. 

Melt. 
Point. 

•Methyl  alcohol. 

C   H,  0. 

'Ethyl 

C,  H5  0. 

815.    o=.         1 
80214.     15°.    J 
8150.  5=-io^ 
8113.  io°-i5°. 
8072.  is^-zo^.J 
7946.  i6°.03. 

"  Propyl        ci 

Cj  lis  0. 

8198,    0°.       i 

C.  Hi„  0. 

806.     15=. 

"Amyl 

C5  H,,,  0. 

8253,    o^       1 
8146.     15°.      ) 
8355-    0- 
808.     IS". 

128=. 

"Diethyl  carbiiiol. 

„ 

832.     0",         1 

819.     i6=.        J 

AUTHORITIES. 


•Barbier.  C.S.J. (2].  13.62 

'    Pierre.    C.  N.    27.  03. 

'  Weber  &23ncke.    C.  8.  J 

*    Pierre.    C.  N.    27.  93. 

"    Kerre,    C.  N.    27,  03. 

(2).    13.  155. 

'    R^^ault.    P.  A.  63.  50 

■•     Regnault.     P.  A.  62.  50. 

20.  370. 

'Kurfratow.  C.  8.  J.  (2).  12. 

"    Eegnanlt.    P.  A.  62.  50. 

"Ley.    C.  8.J.  (2).  12.  350. 

sEfcstrand.  B.  S- C.  24.  66. 

"  Winkelmanii.    P.  A.  160. 
502. 

»    W^ner  &  Saytzeff.     A. 

«  GrodKiti  A  Krumcr.     Zeit. 

"   Pierre.    C.  N.    27.  93. 

='    Wagner  it  Saytzeff.     A. 

"   Kerre.    C.  N.    27,  03. 
"  Pierre.    C.  N.    27.  03. 

C.  P.    17S.  368. 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melt. 
Point. 

'  Diethyl  carbiiiol. 

C,  H.,  0. 

831.     0'.          1 
816.     18".         I 

116^5. 

'  Amylene  hydrate. 

827.     0".          1 
827!     17°. 

!i8^5. 

108°. 

'  Alcohol  from  amylene. 

8Z58.     0°.        \ 
810.     19°.        j 

1 03°- 1 04°. 

'  Ethyl  allyl  hydrate. 

826.     0".          1 

"Isohexyl  alcohol. 

C5  H„  0. 

83433.    o"-     1 
81825-     20°.    J 

134". 

"Ethyl  propyl  carbinol 

" 

8335.    0°.       1 
81S8.     20°.      J 

134?  5-135^5. 

"Heptyl  alcohol. 

C,  H,,  0. 

.8323.     17-. 

i75°S-i77°5 
I3i°-i32=. 

'"Methyl  hcxyl  carbinol 

C,  H„  0. 

.823.     16". 

i8i°-i82''. 

"        "             "             " 

179^.5. 

"Ethyl  oxide. 

C.  IIj„  0. 

.7297.  s^-io, 
.7341-  lo'-is". 

»      ,c           » 

.7185.  i5''-2o°. 

='Etliylhcxyl  oxide. 

C3  H,B  0. 

.?86s.    0". 
.7703.     20". 

I3i°-i- 

"          B                        «                    « 

« 

.7574.    40". 

"Secondary  butyl  oxide 

" 

.756.     21°. 

i2o°-i3r. 

AUTHORITIES. 


1 

"Wagner  &  SaytieiF. 

A, 

6 

Wagner  &  Saytzeff,      A. 

'S  MiimlH.       B.  D,  C.  G.      7. 

C.  P.    179.  320. 

0,  P.    179,  320. 

1370. 

Wagner  &  Saytzeff. 

A. 

B 

Wagner  &  Saytzeff,     A. 

'«Nei50!i.    C.  S.  J.    (2).    13. 

C.  P.    179,  320, 

C,  P.    179.  320. 

207. 

Wagner  &  Saytzeff. 

A. 

10 

OechsnerdeConinck,  C, 

"  Sclioriemmer.  C.  S,  J.  (2), 

C.  P.    179.  320, 

13.  20s. 

Wagner  &  Saytzeff. 

A, 

n 

OeehsnerdeConinck,  C, 

if'rEegnault.  P.  A.    G2.  60. 

C.  P,    179.  320, 

R.    82.  93. 

'»\  Eegnault.  P.  A.    62 

bO, 

'Munde.      B.  D.  C.  G 

VolTter.    B.  D.  C,  G,    8. 

soLltegnault.  P.  A.    62 

50, 

1370. 

"  rLieben.  A.  C.  P.  lit 

14, 

»    Fiavitzky.  A.  C.  P. 

179 

11 

Volker.    B.  D.  C.  Q.    8, 

«]  Lieben.  A.  C.  P,  178 

14. 

,      343. 

1019. 

2=  lLiel)en.  AC.P.  17S 

14. 

'    Flavitzlty.  A.  C.  P. 

179, 

It 

jiimshaw    &    Schorlem- 

«  Easier.    A.  C.  P.  175 

bo. 

349, 

nier.    A,  C,  P.   170.  137. 
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SPECIFIC  GBA  VITY  TABLES. 


Name. 

Formula. 

SpeciflcGravitj 

Boiling 
Point. 

Melting 
Point. 

'  Acetic  acid. 

C,  H.  0,. 

1.0647.  S^-Io". 
1.0591.  lo'-is" 

*  Valeric    " 

C,  H„  0,. 

.917-     if. 

173''- 

'  Tri  methyl  acetic  acid. 

.944.    0". 

• 

3S°3-35?5- 

'  Caproic                   " 

0,  H„  Oj, 

.9438-    0°. 
.928.    20". 
.9164.    40°- 

205°. 

"  Oenaiithic               « 

C,  Hi,  0,, 

^ 

" 

« 

.9208.     16°.      [ 

5.       10  . 

" 

,9110,     28°,     J 

"a                                 a 

■9359-    o°- 

.9348.    9°.       [ 

1« 

« 

.9235.     28".      , 

"Isononyiic              " 

.90325,     18°. 

244''-z46°. 

■'Propionic  anhydride. 

Gj  H,„  0,. 

r.0.69.     15". 

168"-!  69". 

"Methyl  formate. 

C,  H.  Oj. 

.9928.    0°. 

30°.4. 

™       "      acetate. 

C,H,0,. 

.940. 

56--58°. 

"Acetate  from  ainylene. 

C,H,.0, 

.8909.    0°.       1 
.8738-     i9°-      J 

i24°-i24''-S- 

='        «          «      diethyl- 

carbinol. 

" 

.909,    0°.         1 
893.     16°,        1 

132°. 

"  Isohesyl  acetate. 

C,  H„  0,. 

i49°-i5i. 

AUTHORITIES. 


»  fEegnanlt.  P,  A.    G2,  SO. 

1! 

'«Volhard.    A.  C.  P.      173. 

'JEegnault.  P.  A.    62.50. 

mer.  A.  C.  P.  170.  137 

135, 

"LRfgnault.  P.  A,    62.  50 

13 

Grlmshaw  &  Schorlem- 

^Grodzld  &  Kramer.    Zeit. 

•Ley.    C,  S.  J,  (2).  13.  350 

mer.  A.  C.  P.  170.  137 

An.  diem.   14.  103, 

s  fButlerow,    B.  S.  C,    23 

u 

Qrimshaw  &  Schorlem- 

!1 

Flavifzky.  A.  C  P.  179, 

<     25,  and  B.  D.  C.  G.  7 

mer.  A,  C.  P.  170.  137 

346. 

•L     728. 

IS 

Grimshaw  &  Schorlem- 

a 

Flavitzky.  A.  C.  P.   179. 

'rLieben,A.C,P.  170.  89. 

mer.  A.  C.  P.  170.  137 

349. 

sJLieben.  A,  C.  P.  170.  89. 

le 

Qrimshaw  &  Schorlem- 

■a 

Wagner  &  Saytaeff.      A. 

'Lueben.  A.  0.  P,  170,  89. 

raer.  A,  C,  P,  170.  137 

c,  P.  179.  see. 

"  KuUhera.    A.  C.  P.    173 

u 

W^ner  &  SaytaefT.      A. 

mer.  A.  C.  P.  170.  1S7, 

819. 

u    Qrimshaw  &  Scliorlem- 

"Perkin.  C.  S.  J.  (2).  13.11 

a 

eohaner  de  Coiiinck.    C. 

[    mer,  A.  C,  P.  170.  137. 

R.  82.  93. 
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SPECIFIC  GRAVITY  TABLES. 

31 

Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Mehing 
Point. 

'  Ethyl  trimethylacetate 

C,H,.0, 

.875.     o\ 

ii8°S. 

'     «      caproate. 

Ca  H,s  0,. 

.8898.     0°. 
,8728.     20". 
.8596.     40^     . 

i66?9-i67^3. 

''     B       cenantliate. 

C,  Hij  0,. 

.8735-     16°. 

i8o°-i87°. 

'     "      isononylate. 

C„K,,0, 

.86406.     17°. 

^ig'-^is". 

'Aldfthyde. 

C,  H.  0. 

,8217.   5°-io°-" 
.8173-  lo^-iS'. 
.8130.  ij^-ao". 

'"  Acetone. 

C,  H,  0. 

.7998.    15°. 

53''-3-56°.6. 

"  Diethyl  ketone. 

Cs  Hia  0. 

.829.    0°.         I 
,811.     19°.       1 

"          «                  a 

104". 

'^  Ketone  from  amvlene. 

.838.    o=.         1 
.810.     19°.       J 

11       „           „           „ 

11 

103^ 

"Methyl  isopropyl   ke- 

tone 

.811,     15". 

93''-94°- 

18  Ethyl  propyl           » 

Cj  H„  0. 

-833-    o\ 

I22°-I24°. 

"Diiaopropyl            " 

■C,  H,,  0. 

.8254.     17"- 

I24°-I26''. 

"  Butyrone. 

144°. 

"Propylene  glycol. 

C,  Hs  0,. 

1.053.     '9"- 

216°. 

'"Butylene         « 

C.  PI,o  0,. 

1.0189.    0°.      1 
1.0059.     '7''.5-J 

i9[''-i92. 

"Amvlene         " 

C,H,,0,. 

.9945.    0°-       1 

'87=.5- 

M           a 

.9800.     19°.      J 

AUTHOIilTIES. 


'Butlerow.    B.  D.  C.  G.    7. 

">  Grodzki  &  Kraemer.  Zeit. 

"MUnde.    C.S.J.  (2).    13. 

Ann.  Chem.  14.  103. 

247. 

'  fLieben.  A,  C.  P.  170.  80, 

Wagner  &  Sayteeff.     A. 

IS  Kurtz.  A.C.  P.    161.  207. 

»]Lieben.  A.C.  P.  170.  89, 

C,  P.  179,  323. 

ULieben.  A.C.P.  170.  89. 

11 

Wagner  &  Saytzeff.     A. 

m 

GrabowBki  &    Saytaeff, 

BGrimsliaw    &    Schorlem- 

C.  P.  17fi.  323. 

mer    ATP     170.  137. 

IS 

Wagner  &  Sayt^eff.      A. 

11 

Grabowski    &    Saytzeff. 

=  Kullhem      4  C.  P.     173 

C.  P.  179.  323. 

31  ■) 

n 

Wagner  &  Saytzeff.      A. 

Ti 

Wagner  A  Saytzeff.     A. 

'  rEegiiault    P  A.   62.  50 

i      0.  P.  179,  393. 

C.  P.   179.  309. 

sJRegnaulf    P  A.   62.  50 

"  Munde.    C.  S.  J.  (2).    13 

M 

Wagner  &  Saytzeff.      A. 

slRefrnault    P  A.   63.  50 

247. 

'"  Oechsner.  B,  S.  C.   24,  90 
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SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 

Melting 
Point. 

'  Ainylene    glycol. 

G;  H,i  0,. 

.9987.     0°.        1 
.9843-    2i°5-  1 

206". 

^Ethylidene  diacetate. 

0,  H,„  0,. 

1.060.      12°. 

16^-168". 

'  Propylene           « 

C,  II„  0^. 

[.o;o.     19°. 

20<f-2ld'. 

^Propyl  carbonate. 

C,  Hi,  0,. 

,968.    22°. 

i56°-i6o». 

"Ethyl  oxalate. 

C,  IT,„  0.. 

i.ioio.  5°-io°.l 
i.o953.io°-i5°.[ 
i.oSgS.iS^-^o".) 

'Propyl     " 

0,  H,i  0,, 

1.018.     22°. 

209'"--2ir. 

1"  Butyl        « 

Cic  H,s  0,. 

1.002.     14". 

"  Methyl  aebate. 

C,,H,,0„ 

287°. 

38°- 

'=  Ethyl 

0„  H,^  0^. 

307"- 

"  Amyl         " 

C,o  H,,  0.. 

.951.     18°. 

366°. 

"Ethyl  tetramethylsuc- 

cinat«. 

1,0 1 3.     0°. 
I.OO15.      13=5. 

230°-23i''. 

"     "       acetosuccinate. 

C,0    H,g   Oj. 

26o''-263°. 

"     "       acetomalonate. 

0,  H„  O5. 

1.080.      23°. 

238°-24o=. 

"  Methyl  malonate. 

Cj  ir,  0,. 

1. 1 35-      22°- 

i7S°-i8o=. 

"Ethyl  acrylate. 

C5  H,  0,. 

9252.  0".    1 

'"        «                      B 

9136.  15°.   1  ■°'  -'°'  ■ 

='     «      glycerate. 

C5  H,„  0,. 

1. 193.    6". 

230°-240°. 

"     "      allylacetate. 

C,H„0,. 

982.    20". 

"      11       glycollate. 

C,H,0„ 

'■0333- 

ISO". 

AUTHOEITIES, 


1  rriavitaky.  A.  0.  P.   179 

j      353. 
'  1  Flavitzky.  A.  C.  P.   179. 

[     353. 
'  R.  Schiff.    B,  D.  C.  G.  9. 
300. 

*  Reboul.  C.  E.  79.  169. 

<•  Cahonrs.    C.  R,    77.  746. 

•  rEegnanlt.  P.  A.    62.  50. 
;']  E«gnaalt.  P.  A.    62.  50. 

»  L  lU^nault.  P.  A.    62.  50. 


'  Caliours.  Les  Mondes.  32. 

280. 
I  Cahours.  C.  Cent.  5. 
I  Neison.  C.  N.  32.  298. 
i  Neison.  C.  N.  32.  298. 
'  Neiaon.  C.  N.  32.  298, 
■  f  Hell  &  Wltteklna, 

j      D.  C.  O.    7.  319. 
■1  Hell  &  Wittekind. 

[     D.  C.  G.    7.  319. 
i  Conrad.    B.  8.  C.    23.  73. 

Bhrlicli.    B.  S.  C.    li 


'  Ost<a-land,  C.  8.  J.  (2).   12 

142. 
'  f  Coapary  &  Tollens.  B.  S 

I    c.  20.  sea. 

'  f  Caspary  &  Tollens.  B.  S. 
\     C.  20.  368. 
L  Henry.    B.  D.  C.  G. 
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SPECIFIC  GRAVITY  TABLES. 


•  Ethyl  pivalate  * 
'     «      diallylosalate. 


Formula.      Specific  Gravity 


C,H„0..    ',8773.  <f-  \ 

;.853S.  3S°.  I 

CioHisOj.    L9873.  □'.  1 

'.9718.  i8-.  J 


'Pyroterebic  acid. 

C«  H,„  0,. 

1.006.     26°. 

207°. 

S°-6°. 

*  Acid  from  petroleum. 

C,i  H^  0,. 

.98a.    0°. 
.969.    23° 

} 

258''-26.''. 

*Ether  of  above  acid. 

0^  H^  0, 

.939.    0°. 
.919.     27°- 

1 

t 

236°-24o''. 

"Propyl  salicylate. 

Ci„  H,,  O3. 

238°-24o''. 

1'^  Glycerin. 

C,H,0,. 

1.2609. 

290°.cS. 

''         ..           crj-9t. 

1.261.     15=. 

'5°-S- 

"Glycerin  ether. 

C.H,„0, 

1.0907.     18° 
1.16     16°. 

170°-!  72°. 

^"Cane  sugar. 

Ci.  H„  0„. 

1-595'-     15" 
1.63. 

"Aldol. 

C4  H,  Oj. 

1. 1208.    0". 
1.1094.     16° 

1 

1.0819.   49° 

"  Dibutylated  ethyl  ace- 

to  acetate. 

Cu  H^  Oj. 

.947.     10. 

250=-253°. 

''  Derivative  of  ainyl  al- 

1 

dehyde. 

C,„H,,0, 

.861.  0". 

i 

i87°-i9!°. 

.851.   14°. 

AUTHORrrrES, 


Priedel&Silva.    C.S.J. 

, 

i6Maumen^.  B.8.  C,  22.  3.3. 

(2).  11.  1127. 

C.  G.  7.  1218. 

"  Dubninfaut.     See  B.  S.  C. 

Friedel&Sava,   C.S.J. 

» 

Hell  &  Mediiiger.    B.  D. 

23.  33. 

(2).  11.  1127. 

C.  G.  7.  121B. 

iBpVnrtz.  B.  S.  C.  18.  436. 

A.Saylaeff.     B.D.C.G. 

"Caliours.  LesMondes.  32. 

l»-^  WurU.  B.S.  C.   18,  436, 

9.  77. 

280. 

"IWurtz.  B.  S.  C.   18.  43C. 

A.  Savtzeff.    B.  D.  C.  G. 

"  Godeffroy.  C.  Cent.  6.  34. 

■"  Jlixter.     B,  D.  C.  G,      7. 

9.  77. 

"  Oppenheim  &  Salzmann. 

501. 

lielck.  A.  0.  P.    180.  52. 

C.  S.  J.  (2).  13.  442. 

"   GoS3&Hell.    B.D.C.G. 

Hell  &  Medinger.    B.  D. 

"  Roos.    C.  N.   33.  39. 

8.  372. 

C.  G.  7.  1218. 

"  Gfgerfelt.    24.  401. 

^   Gobs  A  Hell.    B.D.C.G. 

1 

Hell  &  Medinser.    B.  D. 

«  Zotta.    A.  C.  P.   174.  87. 

8.  372. 

C.  G.  7.  1218. 

*  Compare  with  Ethyl  Trimethylacetate. 


=iGoogle 


SPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boihng 
Point. 

Point. 

'  Pinacolin.     Synlhetic 

C,  H,,  0. 

.830.   0". 

1 

■79' 

50". 

1 

106°. 

'         «     From  acetone. 

« 

.823 
.787 

50^ 

} 

"  Methyl  amy]  pinacolin 

C,  H„  0. 

.842 

0". 

1 

0 

»            0                 «                       .1 

.825 

21". 

'  Butyl  etiiyl           « 

.831 
.810 

o=. 

},.25".S-126'. 

'  Ethyl  amyl           " 

Ca  H,5  0. 

.845 
.829 

0°. 

} 

i5o=.5-r5i°-S 

"  Pinacolic  alcohol. 

C,H„0. 

.8347-  0". 

i2o°.5. 

"  Diacetone      - 

Ce  H,2  Oj. 

.9306-    25°- 

i63°.5-i64°.5 

"  Propai^yl  acetate. 

C,  H,  0,. 

I24''-I2S°. 

"  Phenylethyl  « 

C,„H,0,. 

1-05.    17°. 

213=-2l6°. 

"  Phenyl  acetone. 

0,  H.„  0. 

215=. 

"  Phenyl  propyl  alcohol. 

C,  H„  0. 

1.008.    18°. 

235  ■ 

"       "            11      ketone. 

0,0  H„  0. 

.990.    15=. 
.992,    15°. 

220°-222°. 
2l8°-221°, 

"Propyl  phenate. 

C,  H,,  0. 

.968.  20=. 

I90°-I9l°, 

*°  Acetophenone  alcohol 

1.013. 

202°-203'>. 

"Benzyl  phenylacetate. 

C„  H,.  Or 

3'7°-3i9''- 

"  Ngai  camphor. 

Cio  H,s  0. 

1.02. 

204°. 

*=  Anetho!. 

Cio  H„  0. 

.984.   20'. 

"  Acetocinnamone. 

o„ii,„o. 

1.008. 

24o°-24i''. 

"  Phloryl  ethyl  ether. 

Cio  H„  0. 

.9323.    18= 

215°-217='. 

"Phenol. 

C«  He  0. 

1.0709,   38= 

36". 

"       " 

" 

1.066.     Cryst 

iSo°-i8o°.5. 

40°-4i". 

AUTHOKITIES. 


fButlerow.    A.  C.  P.    174. 

'  r  Widmegradsky.     B.  D 

■"Popow.  IS.D.C.G.  6.  SCO. 

C.  G.  a.  541. 
.     C.  G.  8.  Ml. 

"Cahours.  Lea  Mondea.  32. 

Butierow.   A.C.P.   174. 

280. 

^  Emmerling  &  Bngler.    B. 

BuUerow.   A.C.P.   174. 

"  Friedel  &  Silva.    C.  S.  J. 

D.  C.  G.  0.  lOOG. 

127. 

(2).  11.  488. 

"Slawik.   C.S.J.  (2).  13.  50. 

Butierow.  A.C.P.  174. 

I'Heintj.    A.  C.P.   178.349. 

^  Plowman.   C,  S.  J.  (2).  12. 

127. 

■'  L.  Henry.    C.  S.  J.  (2).  11. 

582. 

1123. 

""Landolph.    C.  E.82.  227. 

C,  G.  8.  541, 

"Radsisewski.  C.Cent,5.261 

"Engler&Leist.     B.  S.  C. 

Wiclmegradsky.     B.  D. 

20.  2M. 

C.  G.  8.  541. 

3.199. 

>=Sigel.    A.  C.  P.  170.  345. 

Widmegradsky.     B.  D. 

"Eiigheimer.    A.  C.  P.  172. 

»Zotta.    A.  C.P.  174  87. 

•C.  0.  8.  541. 

126. 

"Hamberg.    B- D.  C.  G,    4. 

Wichnegradsky.     B.  D. 

1' Schmidt  AFieberg.     G.  S. 

C.  G.  8.  541. 

J.  (2).  12.  75. 
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liPECIFIC  GRAVITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

point. 

Melting 
Point. 

'  Phenol. 

c 

HeO. 

1.05433.   40°.  1 
1.C4663.    50°. 
1.03804.   60°. 
1-.02890.    70°. 
1.01950.   80°. 
1.01015.   90°. 
1.00116.  100". 

"       "        From  tar. 

1.0558.   46". 
1.0463.    56'.      . 

,8,..,. 

38'-4o". 

'"       "           From  para- 

1 

OS  jbeiizoic  acid. 

1.0567.   46".      i 
1.0470.    iff.     j 

'"^       "          From  salicy- 

1 

lic  ai;id. 

1.0560.   46". 
1,0467.    56".     - 

183''.  I. 

39°- 

1.0559.   46°. 

zoic  acid 

39°- 5- 

1.0476.    56  .     J 

'"Eugenol. 

<Jl 

H„  O5. 

1.066.    15°. 

25 '-.8. 

"  Methyl  eugeiiol. 

l-^l 

HuO, 

1.046,    15". 

262°, 5. 

"  Ethyl 

"J^ 

H„  0,. 

1.026.    0°. 

1.0117.  l8^5.  J 

252''-254°. 

""Carvol. 

c 

II„  0. 

,9530.  20=,     ll 

"  Dill  carvol. 

,9562.   zo".       j^^?- 

'=  Thymol. 

" 

1,009136.  0°.  1 

AUTHORITIES. 


AdrieeiiJ, 

B.D.C.G,   6, 

, 

Laden  bui^'. 

B.  D,  C.  G, 

"Church,    C,  S,  J.    (2).   13. 

443. 

7.  1687. 

115, 

Ladenburg. 

7. 1687. 

443. 

179,  376, 

Adricena, 

I!,D.C.G,  6, 

11 

B.  D.  C.  G, 

IS      Wassennann,  A.  C.  P, 

443. 

7.  1687. 

179.  376. 

Adrieenz, 

B,D,C,G,  6. 

11 

7.  1687. 

B.  D.  C.  G, 

ai      Gladstone.   C.S.J.    (2). 
10.  1. 

Adrieenz. 

B.D.C.G,   6. 

IS 

Ladenbiii^. 

B,  D,  C,  G, 

"  ■    Gladstone,    C,  S,  J,   (2). 

443. 

7.  1687, 

10.1. 

Adrieenz. 

1J,D,C.G,  6. 

u 

Ladenbui^, 

B.  D,  C,  G, 

«     Pisati&Paterno,    B,D. 

443, 

7.  1687. 

Adrieenz. 

B.D.C.G.  e. 

15 

Lailejibui^. 

B.  D.  C. G 

'a-   Pisati  &  Patenio,    B,D. 

443. 

7.  1GS7. 

C.  G.  «.  71. 

le  Church.    C.  S 

J.  (2).   13 

7.  1637. 

113. 
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36                                 SPECIFIC  GEAVITY  TABLES. 

Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Cymothymol. 

Co  H„  0. 

1.01068.   0'. 

245''.8. 

'  Methyl  thymol. 

On  H,a  0. 

.953898.   o".      1 
.869281,    loo=.J 

.954314-  0".    \ 
.870459.  100°.  J 

2i6".7. 

21       .     . 

5            «                      II 

'  Acetyl 

Ci,  H,B  0,,. 

1.009.  °°'U^T 

.924.I00°JthymD 

244°-7' 

'       " 

" 

3          „                       „ 

„ 

I  010   0°  1  ^mo. 

245=.8. 

'          ■       ■  J  thymol 

•Menthol.  1       Tn'o 
'"        11          J  specimens. 

C,o  Hh  0. 

.9515.    20°. 

225°.           1 

■9394-  20". 

225°.            f 

"  Myristicol. 

.9466.  20°. 

224'>. 

"  Citronellolj      Two 
'^         "         J  specimens. 

C„  H,s  0. 

,8742.  20°. 

2DO°.                 1 
1 

.87  5.   20°- 

"Absinthol. 

.9267.  20°. 

317". 

^  Oil  of  Melaleuca  erici- 

folia. 

C,o  H,s  0. 

.8960.    20°. 

I73''- 

"  11     «           <t       linari- 

foha. 

" 

.89S5.    20°. 

173'. 

"  «     "           Eucalyptus 

oleosa. 

.9075-    2<f. 

I7i'-i76=. 

"  Cajeputol. 

u 

9160.     20°. 

174°- 

"  Furfurol, 

C,  H,  0,. 

I.0Q6.   2;°. 

168°. 

'"  Cholesterine. 

C^e  H,(  0. 

I.046-I.047.  20°. 

aUTHOKITIES. 


Pisati  &  Paterno. 

B.D. 

SfPafCTiio.    C.S.J.(2).13. 
I      638. 

'S  Gladstone. 

C.  S.  J,     (2). 

C.  G.  8.  71. 

10,1, 

Pisati&Paterao. 

B.D. 

■«  Gladstone. 

C.  S.  J.     {2). 

C.  6.  8.  71. 

10.  1. 

10.1. 

Pisflfifi  Paterno. 

B.D. 

"  ■  Gladstone.    C.  S.  J.  (2). 

C,  S,  J,     (2), 

C.  G.  8.  71. 

10. 1. 

10.1, 

Pisati  &Patemo. 

B.D. 

"  Gladstone.    C.  S.  J,     (2). 

18  Gladstone. 

C,  S.  J.    (2). 

C.  G.  8.  71. 

10.  1. 

10,1. 

Pisati  &Paterao. 

B.D. 

"Sl*nhouse. 

P.M.   (3).  18. 

0.  G.  8.  71. 

10. 1. 

124, 

Paterno.    C.S.J 
638. 

(2).  13. 

IS  1  Gladstone.    C.  S.  J.  (2). 
I      10. 1. 

aiMehu.    C. 
247. 

S.  J.  (2),     13. 

Paterno.    C.S.J 
638. 

(2).  13. 

"Gladstone.    C.  S.  J.     (2). 
10,1. 
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SPECIFIC  GRA  VITY  TABLES. 


XV.    Compounds  Contaihing  C.  H.  and  N. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melt. 
Point. 

'  Hexylaminc. 

Cb  h,5  N. 

.7638. 

116". 

'  Propylene  diamine. 

C,  H„  N,. 

.878.  15". 

II9=-I20=. 

'  Meta  toluidine. 

0,  H,  N. 

.998.  25°. 

I97°- 

'  Methyl  aniline. 

.976.  15=. 

rgo'-igi". 

'  Meta  ethyltoluidine. 

G,  H,3  X. 

.869.  20°. 

158°-!  59°- 

•  Phenylacetic  nitrile. 

C,H,N. 

1.0155.8°. 

229°. 

'From  oil  of  tropaeo- 

lum  majus. 

Cs  H,  N. 

1.0146.  18°, 

as'^.g. 

^  Nasturtium  oil. 

Cs  H,  ]S-. 

1.0014.  i8°- 

261°. 

XVI.   Compounds  Containing  C.  H.  N.  and  O. 


Name. 

Formula. 

Specific  Gravity 

Boiling      Melt. 
Point,       Point. 

»  Propyl  nitrite. 

Cj  H,  N  0,. 

-935-  21". 

'"  Amyl        « 

Cj  Hii  N  0,. 

.go2-.9026. 

"  Nitrometliaiie. 

0  H3  N  0,. 

99". 

"  Nitroethane. 

C,  Hj  N  0,. 

1.0582.  13-. 

"  Nitropropane. 

Cj  H,  N  Oj. 

i25°-i27'. 

"  Dinitroethane. 

C,  H.  N,  0,. 

i85°-i86''. 

'^  oDinitropropane. 

C,  H,  N,  0„ 

1.258.  22=.5. 

.89°. 

"  Nitrosonitric  glycol. 

C,  H,  N,  0,, 

1.473. 

"  Nitr<^lyceriDe. 

C,  H,  K,  0„. 

1,6.  ,5°, 

|..-4. 

AUTHORITIES. 


1  Uppenkamp.     B.  D.  C.  Q. 

8.  57. 
'  Hofmann.     B.  D.  C.  G.  6. 


'  WroWevsky.     C.  S.  J.  (2). 


D.  C.  G. 

3.103. 
Hofmann.     B.  D.  C.  G.  7. 

519, 
Hofmann.     B.  D,  C,  G.  7, 

620, 
Calioura,  Les  Mondea,   32, 

'"  Hilger.  Amer.  Cbera.  5.231 


'Meyer.  A,  C.  P.  171.  1. 
=  Meyer.  A.  C,  P,  171.  1. 
"Meyer.  A.  C.  P.  171.  I. 
*  B.  ter  Meer.    B.  D,  C,  G. 

8.  1080. 
■E.  ter  Meer.    B,  D.  C.  G. 

S,  1087. 
"Kekuie,    B.D.C,G.2.329. 
'  Kern.    C,  N.  31,  153. 
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Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melt. 
Point. 

'  Nitrobenzol. 

C,  H;  N  0,. 

1.2159.  S°-io=.l 

I.2I07.I0''-I5° 

1.2504.  iS^-ao^.J 

'  Mononitrocyinol. 

C„  H.,  K  0,. 

1.0385.  18°. 

'  Dinitrocyniol. 

Ci„  II„  Nj  Oj. 

1.206.  18.-5-     1 
1.204.21".        J 

0 

'  Metanitrobenzoic  acid. 

C,    II;   N    0.. 

1472'- 

*  Orthonitrobenzoic   « 

1,5588. 

'  Paranitrobenzoic     ■' 

1.5804. 

"  Methyl  orthonitrophe- 

nate. 

C,  H,  K  0,. 

1.268,20". 

265'. 

"       11         paranitropbe- 

11  ate. 

1.233.20". 

K' 

"        11      ndinitroplienate 

C,  He  Sj  O5. 

1.341-  20". 

>'        "      l3 

1.3 1 9.  20". 

118°. 

'*       11      trinitrophcnate 

C,  H5  N,  0,. 

1.408.  20=. 

64°. 

'^  Oxetbenaniline. 

Gs  H„  X  0. 

i.ii.o". 

280". 

"  Ethy^lycoUic  iiitrile. 

C,  H,  N  0. 

.918.  6°. 

134°-I3S°- 

"  Hydroxycaprylonitrile 

Cb  h„  X  0. 

.9048.  17°. 

"  Leucine. 

Cj  IT,,  N  0,. 

1.293.  18". 

"  Cyanuric  acid. 

Oj  Nj  H3  Oj. 

1.768.  0-. 
2.500.  19". 

2.23S.  24°. 
1.725.  48°. 

'^  Cy  am  elide. 

(C  N  H  0)„, 

1.974.  0".               1 
r.774.  24'.            j 

AUTH0RITIE5 
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SPECIFIC  GRAVITY  TABLES. 


XVII.  Metali-ic  Salts  op  Organic  Acids. 


'  Sodium  triacetate. 

^  Potassium     « 

^  Ammonium        tavtar 

emetic. 
*  Calcium  formate. 
'  Strontium.     " 


'  Barium  " 

"  Coppijr  " 

"■  Zinc 

"  Potassium  orthonitro- 

phenate. 
"  Silver  " 

"  Barium  " 

"  Potassium    metanitro 

phenate. 
"  Barium  " 

^°  Lead  " 


Na  Ce  H„  0,, 
K  C,  H„  0,. 

(Am(SbOjC,H.Os)j.Hp. 

Ca  C,  H,  O,. 

Sr  C,  H,  Oj.  2  H,  0. 

Ba  Cj  H,  04. 

Pb  C,  IT,  0.. 
Cu  C,  H,  0, 4  H,  0. 
Zn  C,  Hj  Oj.  2  H,  0. 


Pb,  C,i  Hj  ?-',  0,.  H,  0. 


Pb  C„  H^  N  0,, 


„2Ig.    P«^vde^. 
,.6lo,  Ciystals 


.661.  2< 

■3301  ■  ■ 


AUTHORITIES. 


C.  E.  78. 1046. 

» Schroder. 

B.  D. 

C.  G,   8. 

■5  Post  &  Slehrtens, 

B.D.C. 

Lescoeur.    C.  R.  78, 1016. 
Topsoe.    C.  Cent.  4.  78. 

1W. 
i»  Schroder. 

B.  D 

C.  G.  8. 

la  Post  &  Mehrtens. 

B.  D.  C. 

Sdiroder. 

190. 
Schroder. 

B.  D.  C.  Q.  8. 
B.  D.  C.  G.  8. 

199. 
"  Schroder. 

199. 
"  Schroder. 

B.  D 
B.  D 

C.  G.  8. 
C.  G,  S 

"  Post  &  Mehrtens, 

G.  8. 1552. 
IB  Post  &  Mehrtens 

B.D.C, 
B.D.C, 

6  Scliroder. 
199. 

B.  D.  C.  G.   8. 

199. 
"  Schroder. 

B.  D 

C,  G.  3 

"  Post  &  Mehrtens 

B.D,C, 

'  Schroder. 

B.  D.  C.  G.   8 

199, 
"  Post  &  Jld.i-tcTia 

B.D,C 

»  Post  &  Slehrtens 

B.D-C 

s  ScLruder 

B.  D.  C,  0.  S 

G.  8. 1;^ 

199. 
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Name. 

Specific 

Boil, 

Melt. 

Gravity. 

Point 

'  Potaasium    paranitro 

phenate. 

'  Silver 

2.6S7 

20°. 

Ba  C„  H,  N,  0„.  8  H,  0, 

I'b  C,  H,  N  0,.  2  H,  0. 

-'fSR-' 

20°. 

'  Potassiumadinitrophe- 

nato. 

20" 

'Silver 

0 

'  Barium               (■ 

Ba  C„  lis  N,  0,.  4  H,  0. 

Pb  C„  H.  N,  0,.  2  H,  0. 

'  Potasaiuni/i         u 

■7S7 
■733 

'"  Silver                   n 

20°. 

Pb  0,2  li,  N,  0„ 

"Potaasium    picratc. 

K  0,  H,  N,  0,. 

Sr- 

"Silver 

Ag  C,  H,  Nj  0„  H,  0. 

Rr(^ 

20°. 

JaC,,H^N„0„.  4H,0. 

■iiR 

20°, 

Pb  C,,  H,  N,  0,..  H^  0. 

.831 

AUTHORITIES. 


'Po  t  d, -(tel  rtPi  s     B.D.C. 

Tt  8  155' 
"  Post  &,  Mehrtens    B.  D.  C, 

G  S  1552 
'  Post  &  Mehrtens    B.D.O. 

G  8  155- 
*  Post  &  Mehrtei  s     B.  D,  C 

Q  8  1552 
'  Po«l  A  Mehrtc  !■<     B.  D.  C. 


Post  1.  M  h  t 

B.D.C 

"  Post  i,  Mehrtens 

B.D.C. 

G  S  1552 

Post  &  M  Lrt 

B.D.C. 

"Post  A,Meiirtens 

B.D.C. 

D  8  155 

G     8   1552 

Post  d,  M  !  rt 

B.  D.C. 

"PoatiMehrtena 

B.D.C. 

G     S   1553 

B.D.C. 

"Post  i  Mehrtens 

B.  D.  C. 

G    8  nsi 

B.DC. 

"Post  A  AM.rtcns 

Post  i  M  1    t 

B.D.C. 

D 
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SPECIFIC  GRA  VITY  TABLES. 


XVIII-    Compounds  Coktaininq  C  H.  asd  Cl. 


Name. 

Formula. 

Specific  Gravity. 

Boiling  Point. 

Melt. 
Point. 

•  Chloride    from    die- 

thyl carbinol. 

G,  H„  Cl. 

916.     o=.    1 
.895-     21".  J 

io3°-ro5°- 

'Amylene  hydrochlor- 

ate. 

^ 

.912.     0'.    1 
.891.      2.=.| 

^Hesyl      chloride. 

C,  H.3  Cl. 

.895.     i3». 

1 25°- 128°. 

«Octyl 

Cs  n„  Cl. 

.850. 

182°. 

'Ethylene        « 

C,  H,  Cl,. 

raj..    t4"    1 

I.301.       13".     J 

'Ethylidene    « 

61°. 

"  Fropylene     " 

C,  H,  Cl,. 

I.20I.       15-.                     1.7°. 

'"  Propyl  idene  « 

■1 

1.143.  lo"- 

8.5''-87'>. 

"  Chloroform. 

C   H    Cly 

1,502. 

1.500.   I5^ 

63". 
6o°5. 

"  Monochloramylene. 

C3  H,  Cl. 

.872.     5°.i. 

87°. 

"MoQOchloro  benzol. 

0,  H,  Cl. 

..12855.    o=- 
1. 1 1807.    9^.79, 
1.10467.  22=.43. 
1.04428.  77°-27. 

! 

AUTIJOKITIES. 


1  rWagnerfiSaytzeff.  A.C. 

P.    179.  321. 
'     Wagner  &  Saytzeff.  A.  C. 

P.    179.  321. 

•  Wagner  &  Saytzeff.  A.  0. 

P.    179.  321. 

*  Winner  rfcSaytzeff.  A.C. 
.     P.    179.  321. 

s  Cahoura  &  Demargiy.  C.  R. 
SO.  1570. 


'Cahours  &  Dcniar^ay.  C.  E. 

'  r Gladstone  &  Tribe.  C.N, 

I      29.  212. 
M  Gladstone  &  IMbe.  C,N. 

L     29.  212. 
9  Rebou!.    C.  N.   27.  295. 
0  Eeboul.    C.  E.     82.    S'f 
'  Rump.    C.  Cent.    6.  34. 
'Eemya.    C.S.  J.    (2).    i; 


■  Bruylants.  B.  D.  C.  G.    8. 

Adricenz.  B,  D.  C.  G.  6. 

443. 
Adrieenz.  B.  T>.  C.  G.  6. 

443. 
Adrieenz.  B.  D.  C.  G.  6. 

443. 
Adrieenz.   B.  D.  C.  G.  6. 

443. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling  Point.i^^«J,»;_ 

'  Mouochloro  benzol. 

Ce  Hj  CI. 

1.12818.     0'. 
1,11421.  9°.79. 
1. 10577.  22''.43. 

1.04299.  77°-27. 

1 

^  Dichlorobenzo!. 

C,  II,  CI,. 

1.3148. 

'              It            ortlio. 

1.3278.    0°. 

179°. 

'              "             meta. 

« 

1,307.    0°. 

172^ 

^  Mon  0  chlorotoluol. 

C,  H,  CI. 

1-0735-    27°.2- 

1 58=- 161°. 

*  Dichlortoluol. 

C,  H„C1, 

1,2596.     i8»4.      1 
1.251S,     16°.         j 

i96=-i98''. 

"  Benzyl   dichloride. 

1.29;.     16°, 

2I2''-214°. 

"  Trichlortoluol. 

C,  H,  Cla. 

"Dichlorbenzotrichlor- 

ide. 

C,  H3  CI, 

1,5829.     16". 

273°- 

"Allylene  dichloride. 

G,  H.  CI5. 

1,233.     I7°5- 

109^ 

"         n    tetrachloride. 

C,  H,  CI.. 

1,503.     i7°.5. 
1.4^2-1.485, 

'53^ 

"Propargyl  chloride. 

Cs  Hj  CI. 

1-0454.     5". 

65°- 

"Knacolic          » 

c,  H.3  a. 

.899'.    0°. 

u2''.5-ii4''.5. 

"  Dichloroglycide. 

C,H,C1, 

m              „ 

u 

1.22.     8°. 

97H8''- 

"Naphtyl  chloride. 

Cj,  H,  CI. 

1.2025.     IS°- 

"  Isot«rebentheoe 

ohlorhydrate. 

C,„  H,,  CI. 

.9927.    0°. 

210-, 

AUTHORITIES. 


1 

Adriceiiz,    B.  D.  C,  G,  6, 

8Aronlieim&  Dietrich.    B. 

"Hartenstein,   J,  F,  P.   (2). 

443, 

D,  C.  G.    8,  1402. 

7.  295. 

s 

Adrieenz.  B,  D,  C,  G.  6, 

9    Aronlieim&Dietrich.  B. 

"Ganawindt,     Jena  Inat^. 

443, 

D,  C.  G.    8,  1403. 

Diss.    1873, 

B 

Adrieens,  B.  D.  C,  G.  6, 

'°    Aronheim  &  Dietrich.  B, 

"L.  Henry.    B.  D.C.  G.    8, 

443, 

D,  C.  G.    8,  1403. 

398, 

i 

Adrieens.  B.  D.  C.  G,  6. 

"Hiibner&Bente.  B,  D,C. 

"Friedel  &  Silya.  C.  S.  J.  (2). 

443, 

G.    6.  804, 

11,  483. 

'Kourbafoff&Beilatein.  B, 

"Aronheim  &  Dietrich.    B. 

»Clau3,  A.  C.  P.    170.  125. 

S.  C.    23.  179. 

D.  C.  G.    8,  1405. 

»L.  Henry.    B.  D.  C.  G.    5. 

•Beilstein&Knrbatow,  A. 

"Aronheim  &  Dietrich.    B. 

965. 

C,  P.    176,  41. 

D.C.  G.    8.  1403, 

«  Koninck  &  Marquart.     C. 

'  Beilstein  &  Kurbatow.    C. 

i^Ujirtenstein.   J,  F,  P,    (2), 

N.  a'i,  57. 

S,  J,  (2).    13.  450, 

7,  295, 

=5  Eiban.    C,  R.  79.  225. 
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SPECIFIC  GRAVITY  TABLES. 


XIX.    Compounds  Containing  C.  H.  O.  and  Cl. 


Name. 

Formula. 

Specific  Gravity. 

BoUing  Point. 

Melt. 
Point. 

'  Deriv,  of  chloral 

hydrate. 

C,  H,  Cl,  Oj. 

1,4761.     17°. 

.85". 

"DiMetyl  chloral 

hydrate. 

Cb  H,  Clj  0,. 

1.422.     11". 

■Acetyl     chloral 

alcoholate. 

C,  IJ,  CI3  0,. 

1.327.    u". 

198=. 

'Deriv.  of  chloral. 

C,  H„  Cl,  0,. 
C,  H,  CI,  0,. 

1.42.  11°. 

1-73-     i?"- 

°  Tetrachlorinate^ 

ether. 

C.  Hj  Cl.  0. 

1.4379.    0". 
1.4182.  is'.a.f 
1.30^5.  99°.9. 

189^.7. 

•Pentachlorina- 

ted  ether. 

C,  H3  Cl;  0. 

1.577-    S". 

235°. 

"  Dichloracetone. 

C,  H,  CI5  0. 

1.326.    o^ 

121". 5. 

*'  Monochloraceta' 

C„  H,3  01  0,. 

1.0418.    o=. 

"                          0 

" 

1,0416.    26". 3- 
■93'5-    99''.9- 

156^.8. 

"Monochloracetin 

Cs  H,  Cl  Oj. 

1.27-    9'. 

230'. 

«  Bichloracetin. 

CsH^Cl^O,. 

1.274.    8°. 

194°-I95°. 

AUTHORITIES. 


'fPatemo&Pisiiti,     B.  D, 

"  f  Paterno  &  Maziara.  C.  S- 

C,  G,     S,  1054. 

,7.  (2).     11.  1317. 

1 

Paterno  &  Plsati,     B,  D, 

"    Patemo  &  Mazzara-  C.  S. 

171.  65. 

C.  G.     5.  1054. 

1      J,  (2).    11.  1217. 

"Meyer  &  Bulk.    A.  C.  P. 

s 

Paterno  &  Pisati.     B,  D, 

"    Paterno  &Ma!siara,C.S. 

C,  G,    5.  1054. 

J.  (2).    11,  1217. 

*L.  Henry.    B.  D.  C.  G,    7. 

»L.  Henry.  B.  D.  P.  G.     7. 

"  L.  Heniy.  C,  S.  J.  (2).  13. 

763, 

6  L.  Henry.    B.  D.  C.  G.    7, 

"Tbeesarten.     C,  Ceiit,    4 

>5  L,  Henry.    B,  D,  C.  G.    4. 

7tj4. 

5fiO. 

701. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'Methyl     monochlor- 

acetate. 

Cj  Hj  01  0,. 

1.22.       15°. 

126»-I27''. 

'Methylene  chlorace- 

tate. 

1. 1953.     I4=.2. 

IlS^-Iie". 

'  Paradichlorftldeliyde 

C,  H,  CI,  0. 

1. 69.      Solid, 

139^-130° 

-Deriv.  of  valerylene. 

a  H,  CI  0,. 

1,065.     I5°- 

'  Monochlorhy  drill. 

Cj  H,  CI  0,. 

1-4-     i3°- 

230°-23S°- 

*  Ether  of  monoohlor- 

hydrin. 

Cj  H„  CI  0,. 

1,117.    11°- 

183=^185°. 

'  Diehlorhydrin. 

0,  He  CI,  0. 

1.369.  9". 

i79°-i8o''. 
i7i°-i7i'S- 

'Propyl  glycol  chlor- 

hydrio. 

C,  H,  CI  0. 

1. 132.     17°. 

i6o=. 

'"Diallyl  diehlorhydrin 

C,  H,5  01,  0,. 

1.4.    7°. 

"  Chlorodracylic  chlor- 

ide. 

1-377- 

220''-222°. 

•'Chloranethol. 

0,„  H„  CI  0. 

l.lgl.     20°. 

22S''-230°. 

3°-4''- 

"Ethyl  ortho diehloro- 

benzoate. 

0,H,CI,0,. 

1.3278.     0°. 

271°. 

"  Monochlotoph  enol . 

0,  II,  a  0. 

1.306.      20°.S. 

2lS''-2I9''. 

•^Benzophcnone  chlor- 

ide. 

1.235-     '8'5- 

298°-3oo^ 

AUTHORITIES. 


1  L.  Heiirj-.     B.  S.  C.       20. 
448. 

*  L.  Henry.     B.  S.  C. 

448. 
'  Jaeobsen.  B.  D.  C.  G,  S. 

*  Haubst.  C.  N.  32.  252. 

=  L.  Henry.   0.  S.  J.  (2).  13, 


'L.Henry.    C.S.J.  (2).  13.  ' 

'L,  Henry.   C.  S.  J.  (2).  13. 

346. 
fJIarkownikoff.  C.  S.  J.{2). 

12    241. 
'Rebonl.    C.  E.  79.  169. 
>L.  Henry.   B.  D.  C.G.     7. 


Enimerling.  B.  D.C.  0.  ! 


"Petersen  &  Baehr-Predari. 

A.  C.  P.    157.  125. 
'^KekuIS&Franchimont.  B, 

D.  C.  G.    5.  909. 
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SPECIFIC  GRAVITY  TABLES. 


XX.  Compounds  Containing  C.  H.  CI.  N.;  oe  C.  H.  CI.  N.  O. 


Name. 

Formula. 

Specific  Gravity. 

Boiling  Point. 

Melt. 
Point. 

■  Dichlorethyla- 

,   """^; 

C,  Hs  CI,  N. 

1.2397.     S"-    ] 
1.2300.     15°.  1 

88^-89°. 

^  Chloraeetoiii- 

trile. 

C,  H,  CI  N. 

1.204.     ""-2- 
1.193-     20°. 

I23°-I24''. 

126^-127^. 

'  Dichloracetoni- 

trile. 

C,  H  Clj  N. 

1.374.     "''■4- 

11 2"-!  I  3". 

'  Trichloracetoni- 

trile. 

C,  C\  N. 

1.439-     t^"-^' 

83^-84°. 

'  Chloroxalethy- 

line. 

Ce  H,  Ci  N,. 

1. 1420.     15°. 

2i7°-2i8''. 

"  Ortho  ohlorani- 

liiic. 

c,  n,  a  N. 

.-2338-     0^. 

207=. 

»Meta 

" 

r.2432-    o". 

230". 

"  Chloronitro  me- 

thane. 

C  H,  CI  N  0,. 

..466,     I5°- 

122°-I23°. 

"Deriv.  of  aceta- 

nilide. 

CsHiClNO.HOCI 

1.3893.    20°. 

"Chloronitro     to- 

luol. 

C,  He  CI  N  0,. 

r.300.    20°. 

249'. 

AUTHORITIES. 

1  fTscliLmiak     B 

D.  C.  G. 

s  Bisschopinok.    B.S.C.  20. 

'  Beilstein  &  Kurbatow.  A. 

D   117 

450. 

C.  P.    176.  45. 

'    T?cherniak     B 

D,  C.  G. 

"Bisschopinck.    B.S.C.   20. 

WTadierniak.     B.  D.  C.  G. 

.     1   147 

4o0. 

8.  609. 

'  Bi=si-liopmck    B 

8.C.  20 

'WaJlBch.     B.  D.  C.  G.     7. 

"Witt.    B.D.C.  G.   8.1227. 

4J} 

328. 

inVroblevsky.     B.  D.  C.  G. 

*Eii(,ler      B   D   C 

.Q.     6 

s  Beilstein  &  Kurbatow.    B. 

7.  1062. 

100^ 

D.C.  G,     7.  487. 
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SPECIFIC  GILiVITY  TABLES. 


XXI.     OeGANIC   COMPOIIKDS   COXTAINIXG   BeOMINE. 


Name. 

Formula, 

Specific  Gravity. 

„„.,.„    T,  ■  J  Melt. 
Boihng  Point,  p^jj^^ 

■  Ethyl  bromide. 

0,  II5  Br. 

1-4775-     S'-Io"- 
1.4679.     lo^-is". 
1.4583.      IS''-20°. 

" 

1.385. 

c"  1      Two 
'„    \  different 
5°.  J   samples. 

ss'-ae"- 

1,47. 

38'.5-39''.5- 

•Butylcne     « 

C,  H,  Br,. 

r.8503 
1,8204 

0".    1 
20"./ 

i64"-i65°. 

'Amj-leiie     « 

C,  Hio  Br,. 

'■3443 
1. 7087 

0". 

i4°J 

I70°-I7S^ 

« 

1.6868 

"Hcxylene    « 

C-e  H,,  Br,. 

1.6058 

"'■  I 

"      ic                   n 

" 

1.5809 

.9-.I 

"      n                   « 

1,6497 

180°- 100°. 

"  Dibroraome- 

thane. 

C  H,  Br,. 

2.0844.    ii°.5. 

8o°-82° 

"  Bromo-etliylene 

bromide. 

Cj  Hj  Br,. 

2.624.    16". 
2.65.    0°, 

191°. 
i84°~i85=.     ' 

"  Bromo-propy- 

lene,  a. 

C,H,Br. 

1,364.     i9°-5. 

48'. 

1 

"Bromo-,3  propy- 

lene bromide. 

0,  H,  Br,. 

2.356.     18°. 

=^=^== 

1*""    ^°'  ■ 

AUTHORITIES. 


'  fRf^ault,    P.  A.    62.50. 
M  Eegnault.    P.  A.  62.50. 

8  Helbing,     A.  C.  P.     172 
281. 

"Steiner.      E.  D.  C.  G.      7. 
607. 

"I-Regnaait,    P.  A.   62.50. 
*  (-Gladstone* Tribe.  C.S. 

"r  Wagner  &  Saytzeff.     A. 
C.  P.    179.  308. 

■f>TuKndarow.  A.  C.  P.  176. 
21. 

J.  (2).     12.  410. 
'    Gladstone* Tribe.  0.8. 

"»    Wagner  &  Saytzeff.     A. 
C.  P.    179.  303. 

I'Demole.     B.  D.  C.  G.     9. 

J.  (2).    12.  410. 
■rGrabowaky  &   Saytaeff. 

A.  0.  P.    179.  332. 
'1  Grabowsky  &   Saytzeff. 
L     A.  0.  P     179.  332. 

"  rHechtA  Strauss.    AC. 

P.    172.  62. 
""' Hecht  A  Strauss.    A.  C. 

L     P.    172.  62. 
"  Helbing.     A.  0.  P.     172. 

"  Eebool.    0.  K.    79.  317. 
"Reboul.    C.  E.    79.  31.7. 
••Eeboul.    0.  R.    79.  317. 
=»Eeboul.     C.  8.  J.  (2).  13. 
50. 
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Name, 

Formula. 

Specific  Gravity. 

Boiling  Point. 

Melt. 
Point. 

'  Monobromo  hex- 

ylenc. 

C,  H„  Br. 

■"'■  °;-.} 

40^-141°. 

'  Propargj'l    bro- 

mide. 

C,  H,  Br. 

.52.    20°. 
.59.    11°. 

88°-9o''. 
88°-90=. 

'•      «    tribromidc. 

C3  H,  Brj. 

2.53.    10°. 

«      "  tetmbro- 

mide. 

Ca  Hj  Br,. 

3.01.      IO=. 

'Dipropargyl  tet- 

rabromide. 

Ce  H5  Br,. 

2.464.     I9°- 

'  Dibiomo  diallyl. 

C,  Hb  Br,. 

.6=6. 

205=-2IO=. 

•Acetylene  dibro- 

mido. 

0,  H,  Br,. 

2,120.     17°. 

'■<•         a          tetra- 

bromide. 

C,  II,  Br.. 

2.848.    2i°.5. 

"  Monobromo  ben- 

zol. 

C,  Hf,  Br. 

..51768.    o''.         1 
1.J0236.     11°. 46.  1 
1.48977.    ao'^.gS.  1 
1.41163.    77''-76.  ] 

154^86.155-52 

154"- 

"  Ortho  bromo  to 

luol. 

C,  H,  Br. 

1.401.    18". 

i82°^i83=. 

"  Methyl  bibromo- 

propionate,  a 

203=. 

'»    «          u           /3 

" 

1.9043.  0".  1 

'"    "          "           " 

1.8973-      12°.  I 

AUTHORITIES. 


1  f  Heclit  ilfc  Strauss.    A.  C. 


7ei. 
s  L.  Henry.    B.  D.  C.  G. 

761. 
6  L.  Henry.    B.  D.  C.  G. 

701. 
'  L.  Henry.    B.  D.  C.  G. 

939. 


'  L.  Henry. 

956. 
9  Tawildaro' 


B.  D.  C.  G.   6. 

.  A.C.P. 

L.C.P.178 
B.  D.  • 

B.  D.  C.  O. 

B.  D.  C.  G. 

B.  D.  C.  G. 


's  r  ledenburg.    B.  D.  C.  G. 

i«  1  Ladenbui^.    B.  D.  C.  G. 

1' Wroblevsky.  A.C.P.  16a. 

"  Miiiider  &  ToUens.    A.  C. 

P.    167.  222. 
1' rPhilippi.   Gottingen  In- 

J      aug.  Diss.  1S73. 
™1  PliJIippj.    Gottingen  In- 

i     aug.  Disa.  1873. 
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Name. 

Formula. 

Specific  Gravity. 

BoiH.,Poin.iMe;^ 

'Ethyl    bibromo- 

propioiiate,  a 

C,H,Br,0,. 

1.7728.    0".   \ 
1-7536.     I2-.I 

ijo^'-lgl". 

^     .<        «           ^ 

1.796.     0".   1 
1.777.     lf.\ 

211°-2I4°. 

'■  Propyl  "            a 

CjHi^Br^O,. 

1.6842.    0°.   \ 
1.6632.     12°.J 

20O''-204°. 

'  Butyl    " 

C,  H.,  Br,  0,. 

1.6008.    0°    1 
1,5778.     12^1 

2I3°-2l8'>. 

^^^Allyl     -            ii 

C„  H,  Br,  Oj. 

1.843.     0".   1 
1.818.     20°.  f 

2I5='-220°. 

"  Ethyl    bromiso- 

butyrate. 

Cj  11,1  Br  0, 

1.328.     0".      1 
1.300.     ig^S.j 

1 58"-!  59°. 

"  Bromodiethylin. 

C,  II,;  Br  0,. 

fl200°. 

"Monobrom-cth- 

ylallyl  oxide. 

Cs  Hs  Br  0. 

1.27.      12°. 

izo^-izf. 

"  Bibromo    allyl 

oxide. 

C,  H,  Br,  0. 

'*  Bromo     broma- 

cetin. 

C.  Hs  Br,  0,. 

1.98.    o=. 

i93'-i9S''. 

" — . 

C,  H,  Br,  0. 

2.35.     0°. 

i79''-i8i''. 

"  Dibromhydrin, 

Cj  Ha  Br,  0. 

2.02,     iS^.5. 

2  I4°-220°. 

"  Bromotoluidiiie. 

C,  H,  Br  N. 

1.510.    20. 

240°. 

8°. 

**  Chlorobromhy- 

driii. 

Oj  Ha  CI  Br  0. 

1.764.    9°- 

i97°- 

"Chloro  dibromo 

nitro  methane. 

C  CI  Br,  N  Oj. 

2.421.     15°. 

^  Chlorobromoni- 

trin. 

C  Hs  CI  Br  N  0,. 

1.7904.    9"- 

AUTHORITIES. 


1  c  Philippi  &,  TolleiiE.    A. 

8  f  Philippi.     Gottingen  lu- 
1    aug.  Diss.  1873. 

1=  L.  Henry.     B.  S.  C.     20. 

C.  P.    171.  213. 

'    Phihppi  &  Tollena.    A. 

»  rMunder  &  Tollens.     A. 

I-   C.P.    171.213. 

0.  P.    167.  222. 

51. 

•rMiinder  ATollena.     A. 

1"    Munder  &  TollenB.     A. 

"Demole.   B.D. CO.  9.50, 

C.  P.    187.  222. 

1-     C.  P.    167,  222.     " 

^  Zotta.    A.  C.  P.    174.  87. 

<    llunder  &Tollens.     A. 

"rHell&Witteldiid.  B.D. 

"Wroblevsty.   A.C.P.   168. 

L     C.  P.     167.  222. 

C.  G.    7.  319. 

»rP!iilippi.    Gottingenln- 

"    HelldtWitteiiind.   B.D. 

*L,  Henry.  C.S.J.  (2).  13. 

J      aiig.  Di3s.  1373. 

L     C.  G.    7.  319. 

346. 

*}  Philippi.    GotlJDgen In- 

"  L.  Henry.    B.  D.  C.  G,   4. 

"Tschemiait.     B.  D.  C.  G. 

1.     aug.  Diss.  1873. 

701. 

8.  610. 

'fPliilippi.    Gottidgen  In- 
\     aug.  Diss.  1873. 

"L.  Henry.    B.  D.  C.  G.   5. 

"  L.  Henry.    B.  D,  C.  G.   4. 

186. 

701. 
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Name. 

Formula. 

Specific  Gravity. 

Boiling  Point. 

Melt. 
Point. 

'  Carbon     cWoro- 
bromide. 

*  Propylene  " 

C  CI,  Br. 
Cs  H„  CI  Br. 

2.058.    0".     1 
1.842.     100=.; 
1.63.   8'.      1 
1.474.   21°.       iP„„, 

1.60.     20°.     hsiimcK, 

104". 

i4o'>-i4i°. 
93°-9S°. 
i!o°. 

ISO". 

XXII,    Oeoanic  Compounds  Containing  Iodine. 


Name. 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 

'  Methyl  iodide. 

CK,1. 

2.2905.  16°. 

4i''.8. 

i' Ethyl 

C,  H5  I. 

1,9567.  S^-io" 
1.9457.  ro°-i5 

= 

"Iodide  from  di- 

ethylcarbinol. 

C,H,,I. 

1.528.  o=. 

1 

I45°-I46°. 

"Amylene   hydri- 

"t 

odate. 

1.539-  o°- 
1.510.  20°, 
1.5207.  0°, 

I 
f 

I44°-I45°- 
i29=-i30°. 

"Isohexyl  iodide. 

c,  H,3  r. 

i64''-i56'=. 
140--144''. 
1 77"-!  79°- 

"  Finacolic      « 
"Ethylidene  « 

c,  H,  r,. 

1.4739-  0°. 
2,84.  0°. 

AUTHORITIES. 

'  rPatemo.    B.  D.C.  G. 

5 

'  Sigel.    A.  C,  P,  170.  345, 

i=rFlavitzky.    A,  C,  P,  179. 

^riUgnanlt,    P.  A.  62.  50, 

J      348. 

'    Paf«rno.    B.  D.  C.  G. 

5 

'^Regnault,    P.  A.  62,  60. 

"1  Flavitzfcy.    A,  C,  P.  179. 

'"  LRegnault,    P.  A,  62,  50, 

348. 

1    Reboul.    B.  D.  C,  G. 

7 

"  rwtgner  &  Saylaeff.    A. 

J      C.  P.  179,  31S. 

R.  82.  93. 

<    Reboul.    B.  D.  C.  G. 

7 

'n  "Wagner  &  Saytzeff.    A, 

"Ptiedel&SilTa.     C.  8.  J", 

L     C,  P.  179.  318. 

(2).  11.  48S. 

s    Reboul.    B.  D.  C,  G. 

7, 

"    Wagner  &  Saytzeff.    A. 

"Gustavson.    B.  8.  C.     23, 

C,  P.  179.  318. 

'/Eeboul.    B.  D.  C.  G. 
I     1037, 

7. 

"    Wagner  &  Savlzeff.    A. 

L     C.  P.  179,  318. 
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Name, 

Formula. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

iViiij-1  iodide. 
'  Acetylene  diio- 
dide. 

C,  H,  I. 
C,  H,  I,. 

2.09.  0^ 

3.303.   2I=.  Solid, 
2.94^-   21°-  I^'^i"!- 

56°. 

73''s.7o^ 

•Diiodliydrin. 

C,  He  I,  0. 

3.4. 



'Orthochloriodo- 
he-tizol. 

Ce  H.  I  CI. 

1,928.  24°.5. 

229=-230°. 

*Bichloro   iodhy- 
drin. 

Cj  Hj  CI,  I. 

2.0476.  9°. 

205^ 

'Chlorobromo  iod- 

hydiin. 
'Ethylene  brom- 

iodide. 

Cj  Hj  CI  Br  I. 
C,  H,  Br  I. 

2.325-  9"- 

2.5(6.  29°. 
2.514.  30^. 

l62=-i67°. 
163". 

28^ 

"Ethylidene  « 

2.705.  18^    S.      ) 
..45-  '6^    L.     i 

"  lododibromovi- 
nyl. 

C,  H,  Br,  I, 

2.S6.  29". 

XXIII.    Organic  Cojrpou>-DS  Costainikg  Sui; 


1=  Ethyl      sulphy- 
drate. 


Specific  Gravity. 


,8523.  o". 
.8386.  1 6°. 
.8317.  23'. 

.8456.  s^-io". 
,8406.  lo^-ij" 
.8356.  ij'-io" 


AUTHORITIES. 


iQustavaon.    B.  D,  C,  G.  7. 

731. 
^Sabmiejeff.    A.  C.  P.    178. 

119. 
s  Sabanejefl".    A.  C.  P,     178. 

131. 
•  Nalimaclier.    B    D.  C.  G. 

5.  35G. 
s  Beilstflin  &  Kurbatow.    A. 

C.  P.  176.  43. 


L,  Henry.     E.  D.  C,  G.     4. 

701. 
L.  Hmirj-.    B.  D.  C.  G.    4. 

701. 
i  Simpson.    C,  N.  29,  53. 
'Friedel.    C.  K.  79. 1G4. 
10  r La^ermarck.    B.D.C.G. 

Lagermarek.  B.  D.  C.  G. 


Simpson.    C.  N.  29.  M. 
"  ("Graliowsky   &   Saytzeff. 

!      A.  C.  P.  175.  351. 

j  Grabowsky   &   Saytzeff. 

[     A.  C.  P.  175.  351. 
isReymann.    C.S.J.  (2).  13. 

141. 
i«  fR^iBUlt   P.  A.  62.  50, 
"  \  Kegnault.   P.  A.  63,  50. 
18  iRegnault.   P.  A.  62,  50. 
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Name. 

Fo™,.. 

Specific  Gravity. 

Boiling 
Point. 

Melting 
Point. 

'  Butyl       sulphy- 

drate. 

C,  Hio  S. 

.858.  0=                   1 
.843.  16°.                1 

.8299,  17°. 

84°-85^ 

'  Cymol         n 

Cio  H„  S. 

■997S-  ^7°-5- 

.gSg. 

■995- 

235°-236". 
233°. 

'  Methyl      cymol 

STilphydrate. 

C,,  Hi,  S, 

.986. 

244°. 

"Ethyl     ethylsul- 

phacetate. 

C,  Hi,  S  0,. 

1.047.  4°. 

1 87°-!  89'. 

'     «         amylaul- 

phacetate. 

Cg  H,,  S  0,. 

■979. 

230^ 

"     «           phenyl- 

sulphacetate. 

C,o  H.,  S  0,. 

1.136, 

1.1269.  15°-           J 

276''-278=. 
p.d. 

"Methyl  disulpho- 

carbonate. 

Cj  Ha  S,  0. 

1.176.  18°, 

1 67=^-1 68=. 

"  Xanthogenic 

ether. 

0^  Ha  Sj  0. 

1. 12.  18=.- 

184". 

"  Isomer  of  xan- 

thogenic ether 

1.129.  18". 

184=. 

"Butyl  sulphethyl- 

dioxy  carbonate. 

0,  H„  S,  0. 

.9939.  10'. 

1 90=- 1 95°. 

"Ethyl  sulphobu- 

tyldioxycarbo- 

nate. 

-9938.  10°. 

190°-!  93°- 

"Ethyl  sulphocy- 

anide. 

C3  H5  N  S. 

::  ■ 

1.01261.  19". 
.869367.  1  *       J 

146'. 

" " 

" 

AUTHORITIES. 


'   ("Qrabowsky   A  Saytzeff. 

J  A.  C.  P.  175.  351. 
'  j  Gcabowaky   &   Saytzeff. 

t,  A.  C.  P.  175.  351. 
'Eeymann.    C.  S.  J.  (2).  13. 

Tlesch.    C.  Cent.    4.  f 
*Flttica.    A.  C.  P.   172.326. 
'Bechler.      Ijeipais   Inaug. 
Diss.  IS73. 


'  Bechler.      Leipzig   Inau^. 

Diss.  1873. 
'  Claesson.  B.  D.  C.  Q.  8, 121, 
D.C.G.  8.122. 
B.  8.  C.  23. 443. 
Claesaon.  B.  S.  C.  23. 443. 
"Salomon.    ' J.  F.  P.  (2).   8. 

"Salomon.     J.  F.  P.  (2).   8, 


|VC1 
"I  CI 


Mylius.  B 
Mylius.  B 
Buff.    B 
Buff.    B 
Buff.   B 
Buff.    B 
Buff.   B 

D.  C.  Q 
U.C.G 
D.  C.  G 
D.C.G 
D.  C.  G 
D.C.G 
D.C.G 

6 
6 

312 
312 
206 
206 
206 
206 
206 
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Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melting 
Point. 

'  Ethyl  isosulpbo- 

cyanide. 

Cj  H^  N  S 

1.01913.   u,> 
1.019375.' 

.997525-  2I°4. 

.997235-  22". 

„ 

■^7909-   I,,,,, 

'Isopropylsulpho- 

■ 

cyaoide. 

C,  H,  N  S. 

.989.  0°. 

■974-  iS°-              -i 

152°-' 53°- 

'  Hexyl 

C,  II„  N  S. 

■9253- 

197°-!  98°. 

'"  Amyl  bosulpho- 

cyanide. 

C,  H„  N  S. 

.957538-  0°. 

182°. 

"                           a 

1.94189.  17". 

>«     ..               .1 

.,              .78749-  '82". 

"  AJlyl    sulphocy- 

aiiide. 

C,  II5  N  S. 

1.056.  15°. 

148°-I49°. 

"  Phenyl        « 

C,  II5  N  S. 

M55-  i7°-5- 

23'°- 

"  Acetyl         « 

C,  H3  0  N  8. 

1,151.  i6=. 

isi'-is^"- 

"  Benzoyl       « 

Cs  Hj  0  N  S. 

1.197.  i6=. 

200?205^ii.viicuo 

'*  Monochlorallyl 

sulphocyanide. 

C.  H,  CI  N  S. 

1.27,  12°. 

185". 

"Perchloromethyl 

mercaptan. 

C  S  CI.. 

1,712,  I2°.8. 

146,5-148°. 

^Carbonylaulphe- 

thyl  chloride. 

C3  H5  CI  S  0. 

1. 1 84.  16". 

136^- 

AUTHORITIES. 

Buft     B  D  C  & 

1  200 

s  Uppenkamp.     B.  D.  C.  G. '« 

Miquel.    C.  R. 

1.1209. 

Buir    B  D  C  G 

1  206 

8. 56.                                  " 

Miquel.    C.  R. 

1, 1210. 

Buff    B  D  C  G 

1  206 

"   fBuff,    B.B.C.  G.  1.306.19 

I,,  Henry.    B,  D 

C,  G.     5. 

Bun     B  D  C  G 

1  206 

"  ]  Buff.    B.D.C.  G.  1.206. 

18G. 

Buff    B  D  f   G 

i  20b 

"  LBuff.    B.D.C.  G.  1,206.18 

Eathke.      A.  C, 

P.      167. 

Biiff    B  D  C  G 

1   20s 

"  fGerlioh.    B.  D.  C.  G.   S. 

i9M, 

Gcrheh     B  D 

653.               ■ 

Salomon,     J,  F, 

P.  (2).    7, 

t^l 

1'  ]  Gerlich.    B.  D.  C.  G.    8. 
[     653. 

254, 

Getlich     P   D 

G     f- 

051. 

15  Billeter.     C,  Cent-    6.  101. 
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SPECIFIC  GRA  VITY  TABLES. 


XXIV.  Miscellaneous  Organic  Compountjs. 


Name. 

Formula. 

Specific 
Gravity. 

Boiling 
Point. 

Melt. 
Point. 

•  Phoaphenyl  chloride. 

Ca  H5  P  CI,. 

1. 3 1 9.     20°. 

222-. 

'          "        oxy  chloride. 

C,  H5  P  CI,  0. 

1.375-      20". 

■  Dimethyl  phenyl  phos- 

phin. 

C,  H„  P. 

9768.      II'. 

<. 

'  Diethyl 

C,o  H.5  P. 

9571-     13°- 

221.9°. 

^  Tripropyl  horate. 

C,  H„  B  Oa- 

867.     16°. 

m"- 

"  Silicon  phenyl  triethyl. 

C„H,^Si. 

.9042.     0°. 

230°. 

'  Propyl  silicate. 

G„  H»  Si  0.. 

.915.     18". 

225'>-227'. 

"  Butyl        « 

C„  Hsfl  Si  0,. 

.953-     I5°- 

"  Ethyl     orthosihcoace- 

tate. 

C,  H,j  Si  O3. 

.9283.    0". 

i4S°-i5i°. 

'"  Methyl  orthosilicopro- 

pionate. 

C,  H„  Si  0,. 

■9747-    o"- 

"  Ethyl    orthosilicoben- 

zoate. 

C„  H,,  Si  0,. 

;st  r.} 

"  Silicon  triethyi  osidc. 

C„  H„  Si,  0. 

.8H31.  0". 

224''-329°. 

"Propyl    sihcic    mono- 

chlorhydrin. 

Cj  H„  Si  CI  O3. 

.980. 

208^-2 10°. 

"  Propyl  silicic  dichlor- 

hydrin. 

C,H,,SiCl,0,. 

1.028. 

rS5''-i88''. 

"  Deriv.  of  silicon  phenyl 

triethyl. 

C„  Hj  Si  01. 

i.0185.    0-. 

"  Zinc  propyl. 

(C,  H,),.  Zn. 

1 58°- 1 60° 

'S      B              « 

1.098.   15". 

a.  146. 

»    «      butyl 

(C.H,),.  Zii, 

185^-188^ 

AUTHORITIES. 


'Michaelis.       C.  Cent.      4. 

'Cahoure.    C,  Cent.    4.482. 

"Ladenburg.    B.D.  C.G.  4. 

548. 

sCahours.    C.Cent.    6.  20. 

730. 

'Miohaelis.  C.Cent.   4.548. 

"Cahoura.    C.  Cent.   i.  4S2. 

'Mleiiaelis.    B.  D.  C.  G.    8 

12.  40. 

i^Cahours.    C.Cent,   4.  482. 

494. 

"Ladeiibui^.    A.  C.  P.   173. 

'  Miohaelia.    B.  D.  0.  Q.    8 

UA. 

143. 

498. 

"    Ladenburg.     C.  S.  J.  (2). 

I'CahoviK.    B.S.  C.  20.    190. 

sCahours.    C.Cent.    4.482 

11.  1026. 

BLadenbttTg.     C.Cent.     5 

"    LadenLnrg.    C.S.J.  (2). 

(2).  11,  968. 

312. 

11.  1026. 

"  Cahoura.    C.  Cent.    5.  20. 
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SPECIFIC  GRA  VITY  TABLES. 


Name. 

Formula. 

Specific  Gravity 

Boiling 
Point. 

Melt. 
Point. 

'  Mercury  butyl. 

(C,H,),Hg. 

1.835.    is=. 

'  Alummum  propyl. 

(C>H,),  Al„ 

248'>-252°. 

'  Glucinum  ethyl. 

(C.H,),  Gl. 

1 85"- 188". 

'         n          propyl. 

{C,  H,),  Gl. 

244''-246''. 

*  Stann  tetrapropyl. 

(C,  H,)^  Sn. 

1. 1 79.    14!. 

222''-225''. 

'  Stanntributyl  iodide. 

0,,  H„  Sn  I. 

1.540.   15=. 

2g2--296'>. 

AUTHORITIES. 
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ALPHABETICAL  INDEX  TO  SDBSTAHCES. 


A. 

Arsenate  "'"at 

Amyl.  Chloride      .       .        H 

Abslnthol    .      .      .      ■ 

^ 

„ 

Ditliiouate     16 

••       Iodide                         i9 

Acetanillde,I>eriv.or. 

Acetic  aeid  .      .      .      ■ 

30 

>. 

pLlladlo- 

Sebate         .       .        32 

ehlorlde  .    10 

"      Sulphocyanlde    .   53 

Phjsilnto     20 

Amylene.  Eromide       .        Ifi 

Acetophenone  alooliol 

Piiitlnbio- 

Glycol       .      31,82 

Acetyl  chloral  alcobolate 

43 

mide           12 

"           Hydrate       .        20 

Acetylene.  Bromide     . 

Dllodlde        . 

47 
50 

Platmthlo 

Hydriodate     .    *9 
Hydrochiorate   41 

Acetyl  eulptooyanlde . 

Platmio  llde  IS 

Acetyl  thymol   . 

36 

u 

SelenatL          IS 

Anhydride.  Propionic .       30 

Acid.  Acetic  . 

% 

feilicofluor 

Anhydrite    ....    16 

Antimony,  Bromide    .        11 

Carbolic 
See  Phenol    .    34 

35 

^i"de"         12 

Chloride       .   10 
Sulphide  .       14 

Cyanuric      . 
"       Hypophosphorous 

% 

■■ 

Stannofli 
oiide             0 

Antimony  and  Ammon- 

ton  nyll 
J   tan       benzoic 

38 

Aminoumn 

and  tadmi 

Arragonite  ....    20 

(Enan 

0   h  n       b  nzoic 

30 

Arsenic.    Fluoride       .         9 

Ammonmi 

and  Cobalt 

risnlphide      .    14 

Fa  an        b  naolc 

38 

selenate 

IS 

Phosphorl        . 

Ammomun 

1  and  Cipper 

Ph    ph    oas      . 

X5 

sclenalt 

19 

Py    te    b       . 

3S 

\mmoiiion 

1  and  Hj  iro 

Be    ni  u 

U 

gen  sel 

n. 

land  lion  EC 

Bee  B  11    a  dlox 

Ifnate 

IS 

Bnvlte 1 

.1-1 

Ammonium  and   Mag 

•*      Sulphuric 
"       Tantalic       . 
"      Trimethylacetic 

30 

nesium  selenate            1^ 
Ammonium   and    Man 

ganese  selenate              IS 

Chloride.      .       1 

Nitrate        .       .    3 
NitrophenatesSO.l 

Alcohol.      .      .      . 

ffi 

Ammoniu 
selenate 

n  and  NiUtfl 

11 

Aldehyde. 

31 

m    anl     Zinc 
m  and  Ferric 
m   and  AnU 

Aldol      .... 
Alloys        .... 
AUyl.   Blbroinoproplon 

22 

Ammonia 
sniphi 

"         Platinclilorlde  .    1 
Sulphate . 

Barium    and    Cadmium 

Sulpbocyanlde 
Allylene.  Chlorides  . 
Alums      .... 
Alumina      . 
Aluminum.  Oside      . 
Aluminum  propyl   . 

42 

with  A 

in      ehlondP 
mmoninmfer 

bromide     . 
Barium   and    CadmKun 

Ammon.am tartar  emetic  "fl 
Am-vl    Acetate                      M 

chloride 
Barium  and  Zinc  chlor- 

rlde      .      .      ■      ■ 
Benzol      ....    23, 
55 

Ammonia  iron  alum  . 

Alcohol                       28 

ivGooole 


on 

ALPHABETICAL  INDEX 

Benzophenone  chloride 
Benzoyl.  Sulphocyania 

■"i 

Calelum.   Bromate 

'*2 

Cobalt    Siheofluonde 
**        fetannofluoride 

Carbonate 

a 

Cobalt  and  Polassium  l  v 

"        Dichlorlde       . 

"          Dithlonate 

Benzyl  ethyl  benzol. 

Formate 

Beniyl  toluol,  Dertv.  of 

Selenate 

.    IS 

poHr*^"" 

Blbromo^lyl  oxide 

biliooflnorlde      21 

Blohloraeetln 

Sulphate 

BiLhlorlodhs-clnn 

60 

'        PllUE-lUllliul 

Bismnth    Bminide 

11 

(aibonate 

^anaditf. 

20 

Calcium  aud  Potaasiu 

Copp™            ^    '  ' 

Pkndc 

14 

suljiJiate. 

Promit^ 

S 

See  Syngcnil« 

formate 

Bromo  bromacelin 

iS 

Calcium    chloride   wit 

Niol  ufluoride 
"       Plj-tinthlorlde 

Bromo  dlethyllne     . 

JS 

vanadate'  . 

22 

Bromo-ethylene  bromid 

s  46 

Cajnpliene   . 

.    26 

46 

Cane  sugar      . 

**       Sihcofluonde 

Bromo-propyleue  broin 

Caoutthln     . 

26 

ide   . 

40 

Caproic  acid    . 

30 

"       Titanofluorlde 

48 

Carbolic  acid. 

Copper  and  Ammonium 

Butyl.  Alcohol    ,       . 

28 

Bee  Phenol       .       .  34,  35 

"       Bibromoproplon 

48 

Carbon  .... 
"       Chlorobromlde 

49 

■■       OiHlate 

33 

■'       Iodide     .       . 

12 

Cubeb  oil  .       . 

"       Oxide 

29 

"       Sulphide    .       . 

11 

Ctnmol  or  Cumene     .       . 

"      Silicate 

Carbonyl  sulphethylchlo- 

Cyamellde      . 

"       Snlphethyldioxy. 

52 

Cyanuric  aeld    .      .      . 

carbonate  . 

Carvol   .... 

Cymol  or  Cymene .      ,  24 

'■       Sulphide      ,        . 

50 

Cedar  oil  .      .       .       . 

27 

Cymol  Hulpliydrate  . 

"       Sulphydrate  , 

Celestine       .       .       . 

Cymothyniol  . 

Butyl  ethyl  plnaool  in  . 

Cerium     .... 

Bntylene.   Bromide    . 

40 

Cerusaite. 

Glycol     . 

31 

See  Lead  carbonate 

20 

D. 

Butyrone .... 

31 

ClialybitB     .      .      . 
Charcoal   .... 

45 

Deoatyl  hydride 
Diacetone  alcohol 
Diacetylchlonil  hydrate 

c. 

Cliloral  hydrate.  Deriva- 

Dlallyl diehlorhvdiin 

tives  of  .       .      . 

43 

Cadmium     ,       .      ,      . 

7 

Chloranethol  . 

Dibromin  diin 

Chloranlllne 

Dibronodlallil 

Ch  lorobromhy  drln 

53 

Dlbrjmomethane 

Ammonlo- 

Chlotobromiodhydrln 

50 

Dibntjl  lied  ethyl  aceto- 

chloriQe  . 

Bromate  . 

15 

Dichloracetone 

Dlthionate  . 

16 

thane  .... 

43 

Dichloroeetonltrile 

Platincbloride 

11 

Chlorodracyllo  chloride  . 

Dlchloil  enzolr  chl  ride 

SeJenafe 

18 

Chloroform 

41 

Diolilorelhj  limine 

Cadmium   and   Barium 

!^Ioroa]  tromethane 

45 

Diihlorhj  Irin 

bromide     , 

Chloronltrotolnol . 

45 

Mchlotobenzol 

CaiJmium   and    Barinm 

ChloroxaJethyline    . 

Dlchlor  Blycide 

chloride     . 

Cboleetertne   . 

Cadmium  and  Ammon- 

Cllroncllol  .... 

sr 

Dd\nhm 

ium  eelenate  . 

19 

atronoil.       .       .        . 

Cadmlumand  Potasel  um 

Clove    ■■.... 

27 

DletHyl  carblnol        ,      2B, 

selenate     . 

Cobalt,  nithionate       . 

Cajeputol      .... 

36 

"       Platinbromide    . 

12 

Diethyl  ketone              .        3 

Calamus  oil     .      .        ■m. 

27 

■'       Platinlodide     . 

13 

Diethyl  phenyl  phosphin  5 

"          "    Derlv,  of      . 

28 

Selenate 

IS 

Dllodhydrin    ...       5 

=iGoogle 


Dilsopropyl  ketone 
Dill  carvol 
Dimethyl  ethyl  bei 
Dimethyl  plienyl  phos- 

phln 
DiQltrooyiQOl . 
Dinitroethane    ^ 
Dlnltropropane 
Dipropargyl 


Duodecetyl  hydride 


E. 

Bndecatyl  IiydPide  ,       .  23 

Ether. 

See  Ethyl  oxide  39 

Ethyl.  Acetomaionate    .  32 

"       Acetosuccluitlfi  S2 

"      Acrylate.      .      .  82 

"       Alcohol       .       .  28 

"      Allylacelate .       .  33 

"       Amylsnlphacetate  51 
"       Blbromopropion  - 

"      Bromide .      .      .46 

"       BroinlBObutyratc  48 

*'       Caproate.       .       -  31 

"       Diallyloxalate  .  33 

'■       Ethylsnlphacelate  61 


ALPHABETICAL    INDEX. 


Ethylene,   Bromiodlde 
Chloride    . 
Ethyl  eugenol    . 
EthylglycoUio  nilrile  . 
Ethylliexyl  oxide     . 
EUiyOdene.    Bromiodlde 


Iodide . 
Ethylpropyl  carblnol  . 
Ethylpropyl  ketone . 
Ethyl  tolnidlne     .      . 
Ethyl  toluol 
Eucalyptus  oleosa.  Oil  ■ 
Eugenol 


Glyce 

Glyoollate 

Iodide .      , 

Isononylate 

(Eiionthate 

Orthodichlorobeu- 


"  Plyalata      . 

"  Sebate     . 

"  Sulphobntyldi- 
Oxycarbonale 

"  Snlphocyanlde   51, 

"  Sulphydrat« . 

"  Tatramethylau 

"      Trimethylacetate 
Ethylallyl  hydrate   . 
Bthylamyl  plnacolin  . 


Glucinuni 

Belenate  . 

" 

Sulphate 

GluoLnun 

ethyl     . 

propyl       . 

Glycerine 

Hematite 
Heptyl.  Alcohol 
Hj-dride 
Heptylene 
Hexhydroisoxylo 
Hexyl.   Alcohol 
Chloride 
"        Hydride 
"        Hulphoeyanlde 

Hexylene  bromide 
Hydroxy  capryl  onit 
Hypophosphorous  i 


Iodine  chlorii 


lododlbromovinyl 
Iridium 

"  Carbonate  , 

'■  Dlthionate     . 

"  Hydrate      .       . 

"  Nitride   . 

'■  Oxide. 


Iron  and  Silver  ammonio- 

CyaJiide 
Iron    and    . 

selenate 


"  Alcoliol 

Iodide 
iHononylio  acid     . 
Isoprene.   Polymer 
Isopropyl  eulphocyonlde 
Isopropyl  acetylene 
laoterebenthene    . 

"  Clilorhy- 


Lanthanum 

Oxide 
Lead.    Bromatc. 


Platinchlorlde 


.yGoogle 


ALPHABETICAL  INDEX. 


Lead.   Sulphate    .      . 

Ifi 

Man 

Sulphide       .      . 

Leucine    .... 

38 

Lithium,    Dithlonate      . 

Meli 

Selenate       , 

IS 

Silicofluoride 

21 

Men 

Magnesia. 

See  Magnesium  os 

M^nesit*! 

Magnesiun 

.  Bromate 

Carbonafc 

Dithiona 

■ 

Nlobate 
Oside  . 

Pallad 

Platlnelilor- 

Plntliilodlde  l 
SelenaCe .  J 
Silicoflnor- 


M^neslnn 


MEtgneslum  and  Ammo- 
nium selenate     . 

Hagnesium  and  Potass- 
ium seleuate 

Masneslum  and  Potass- 
ium Hulphat« 

Manganese.  Chloride  . 
"  Dlthlonate  . 

"  plattnhrom. 


ide 
Stannoflnor- 


ide 
Sulpliate   la,  17 
«  and  Potass- 
ium cyanide  .    2i 
Manganeseaud  Ammon- 
ium selenate       ,       .    IS 
Manganese  and   Potass- 
ium selenate  ...    13 
Manganese   and   Potass- 
lum  sulphate      .      .    17 


Meb 

Met 

Met 

,h\  leugeaol 

,hj  mexj  1  oarblnol 

:hj  llsopropyl  kdane 

ihjlthvmol 
MonobmmetUjIallTl 

oxide 
Monubromolienzol 
Mon  nl>romohGxy  lene 
Monochloracetal 
Monoc 


Mouochloramy  1  ene 
Monochlorhydrln 
Monochlorhydrin  ether 


Monochlorophenol 
Monoch  lorotoluol 
Monou  Itrocy  mol 


Octyl.  Chloride 
Hydride 
CEoanthlc  acid  . 
1,   Calamus 

Cedar    .       . 

Citron 

Clove    . 

Cuheb 

Enea.lyplus . 

Melaleuca 

Parsnip    . 
Poplar  .       . 
SantaJ  wood    . 
Ti'opaeolum 
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Orthobromotoluol.         .  i^ 

Orthooliloraiiillne     .       .  15 

Orthoohlorlodobenzol  ,  50 

OrUionltrolienzolO  acid  .  3S 

Oxethenanlline     .      .  38 


Hydride   . 
Palladium    and  Amm. 

nlum  chloride     . 
Palladium   oud  Magnft- 

alam  chloride  . 
PaUadinm    and  Nickel 

Palladium   and  PotBSSl 

um  chloride 
Palladium    and    Zinc 

chloride 
Farad  ichloraldehyde    . 
Paranltrobenzolo  aeid 
Parsnip  oil 

Pentaohloriuated  ether  . 
perchloretjiylene  . 
Perohloro  -  methyl  i 

caplan    . 
Petiolene  .... 
Phenantliiene    tetrahy- 

dride 

Phenol      .      .      .      .8J 
Phenyl.    Sulphocyanide 
Phenylaoetio  nitrlle 
Phenylaoetone 
Phenylbroraethyl. 

Derlv,  of 
Phenylbutyl    , 
Phenylethyl  acetate 
Phenylisobutyl 
Phenylpropyl.   Alcohol 
"  Ketone  . 

Piienylsylene . 
PMorylethyl  ether   . 
Phosphenyl.   Chloride 
"  0-nchlor- 


flilorlde 

Oxychlorlde 

Sulphobrom- 


Platinnm  and  Barium 

bromide 
Platinum   and   Cobalt 
bromide 
atinum     and     I.ead 

broml  Je 
atinum  an  1  Miguesi 
um  Viomide 

nese  bjomlJe 
Platinum    and    Nickel 
romide 
num  and  rotas'!!  um 


Platinum  and  istrontlui  i 

biomlde 
Platinum  and  Zinc  bro 

mide 
Platinum  and  \mmoui 

um  chloride 
Platinum  and  Barium 

Plalinum  and  Cadmium 

chloride 
Platinnra   and  Coppei 

Platinum  and  lion  clilo 


Platinun 

and  Lead  chlo- 

ride 

Piatinun 

and  Magnesl- 

Plalinnn 

chlorlde   .       . 

Platinnn 

Piatinun 

and   Thormm 

de       .        .       . 

Piatinun 

1  and  Ammoni- 

adide     ,        -       . 

3     and     Cobalt 

iodid 

Piatinun 

a  and  Iron  iod- 

Ide 

Platinum  and  Ma,gne3l- 

am  Iodide .       .       . 
Platinum   and   Manga- 


1   ami   Sodium 


Arsenate    . 
Bromale 
Carbonate .       20 
Chlorate 
Chloride    . 
Chromatea    . 
CoUaltioi-a- 

nide 
Dl  til  Ion  ate 
Iodide . 
Maliganlci-a. 

nide    , 


Platin  Iodide 
Selenatc  . 
Slannobrom- 


Potassium  and  Coba 
selenate 
otassium   and    Copper 
selenal* 

Potassium   and   Magne- 
Blam  selenate      . 

Potassium  and  Manga- 
nese 8elenal«    . 

Potassium   and   Nickel 

Potassium  and  Sodium 
selenate     . 
otassium  and  Zino 
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ALPHAE ETHICAL   I 


Potassium    and    Cobalt 

i3. 

1. 

sulphate 

17 

Potassium  and       n 

phate 

'la 

Tantalic  acid      . 

Potassium    and  Ml«n 

Sap                     ... 

IS 

Tantalum   and   Potassi 

sinra  sulpiia 

urn  fluoride       .       . 

Potassium  and  Manga 
neee  sulpba  e 

Se 

* 

Terebene      . 

Sil     0  acid. 

27 

Potassium   and    N   k 

sulphate 
Potassium  selenate  w  li 

^ 

Sees    con  dioxide  1 

14 

Tetramethylaliene 
Tetramethylbenzol  . 

S 

s 

con    CI       ide    .      . 

26 

NicItelBulpli 

D    xide   .        1 

Tetraterebenthene 

27 

Pcopargyl,      Aoe  ate 

B 

oonph  n      rlethyl 

53 

Thorium.    Piafluoeyan 

Br    n  d 

DeriY.of 

We   .      . 

CI        d 

con     eh     oxide   . 

Belenate 

S 

5 

Sulphate    . 

Propyl.   Alcoho 

A  nm  nloohrom- 

Thymol         .       .       . 

Blbi-om  p    p 

48 

Ammonitsilen- 

19 

Tin 

•■     Chloride      .       . 

10 

"        ^r'b^ate 

^ 

1- 

"     Dioxide    .       .       . 
"     Phosphates 

^ 

Nitrite    . 

Z 

Dilhitjuate 

i 

12 

Iodide 

12 

Nitrophenate^    Zi 

40 

mide        ,       .       , 

12 

Piorate 

40 

Tin   and   Ammonium 

Propylene.   Cliloride 

Sil 

fluoride 

ide       . 

i» 

8o<l 

niocyaulde 

21 

Tin  and  Cobalt  fluoride 
Tin  and  Manganese  fluo- 

^ 

Diacetate     . 

32 

Carbon  atp 

20 

ride  .        ,       ,        , 

9 

Diamine  . 

■       f  lilorlde 

Glycol   . 

81 

'       nitlilonali 

Ifi 

ride       .... 
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37 

E. 

Slig 

Sulphate  . 
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V. 
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28 

Sul 
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44 
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IS 

Su! 

Dhurieacld    .       .       . 
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INTRODUCTION. 


The  following  tables  of  Specific  Heat  for  Solids  and  Liquids  are 
believed  to  be  practically  complete  up  to  October,  1875.  Of  course  it 
was  not  considered  necrasary  to  include  much  very  old  material,  there 
being  little  of  value  prior  to  the  time  of  Dulong  and  Petit  Un- 
doubtedly the  oldest  determinations  have  a  certain  historical  value,  but 
this  would  be  hardly  sufficient  to  warrant  the  labor  involved  in  search- 
ing them  out.  However,  quite  a  number  of  such  determinations  have 
been  included  in  the  tables,  notably  some  by  Dalton,  Crawford,  Gailohn, 
and  Lavoisier  and  Laplace. 

For  convenience,  the  columns  of  atomic  or  molecular  heats  have 
been  added.  These  values,  it  is  hardly  necessary  to  say,  are  the  pro- 
ducts obtained  by  multiplying  the  specific  heat  of  a  substance  into  its 
atomic  or  molecular  weight.  For  this  purpose  the  most  recent  deter- 
minations of  atomic  weight  have  been  employed. 

Details  concerning  the  methods  of  determination  could  not  well  be 
given  in  such  tables  as  these.  For  such  details  the  original  papers  must 
be  consulted,  and  to  these  original  papers  references  are  almost  always 

F.  W.  G. 
CiNciNXATr,  Jan.  5,  1ST6. 
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A  LIST 


OF  SOME  OF  THE  MORE  IMPORTANT  PAPEES  UPON 
SPECIFIC  HEAT.* 


1.  Ddlono  and  Petit.— "Eecherches  sur  k  mesure  dea  temperatures,  et  sur 

les  lois  de  la  communication  de  la  clialeur."    Ann.  Cliim.  Phys.  (2).  7; 
pages  113  and  225.  1817. 

2.  DuLONO  AND  Petit.— "  Eecherches  sur  quelques  points  importans  de  la 

th^orie  de  la  chaleur."    Ann.  Chim.  Phys.     (2).  10.  395.  1819. 

3.  Weber,— "Ueber  die  apeciiisohe  Witrme  fester  Korper,  insbesondere  der 

Metalle."    Po^end.  Annal.  20. 178.   1830. 

4.  KE0MANN.— "Untersuchungen  iiber  die  speciliache  Witrme  der  Mineralien." 

Poggend.  Anna!.  23. 1.  1831. 

5.  Neumann.— "Bestimmung  der  speciflschen  Wiirme  des  Wassers  in  der 

Nahe   des  Siedpunkls  gegen  Wasaer  von  niedriger  Temperatur."  Pog- 
gend. Annal.  23.  40.   1831. 

6.  AvoGADRo.— "Mcmoire  sur  les  chaleurs  sp^cifiques  des  corps  solides  et 

liquides."    Ann.  Ohim.  Phya.  (2J.  55.  80.  1833. 

7.  AvoQAoao.— "Nouvelles  rficherches  sur  la  chaleur  sp.5cifique  des  corps 

solides  et  liquides."    Ann.  Chim.  Pliys.  (2).  57. 113.  1834. 

8.  Eegsault.— "Keclierches  sur  la  chaleur  sp^cificiue  des  corps  simplea  et 

composes,"    Ann.  Chim,  Phys.  (2).  73.  5.   1840.    Poggend.  Annal.  51.  44 
and  213. 

9.  Schroder.- "Ueber  die  specifische  Warme  zusammengesetzter  Korper. 

Ein  Beitrag  zur  Volumentheorie."     Po^end.  Annal.  52.  269.   1841. 

10.  Delauive  akd  Marcet.— " Einige  TJntersuchungen  uber  die, specifische 

Wiirme."     Poggend.  Annal.  52.  120.   1841. 

•No  ttttsmpt  Kt  completeness  is  made  in  this  list.  It  is  intended  merely  as  a  guide  to  the  lltera- 
lure  of  tho  subject,  useful  in  connection  with  the  following  tables.  Papers  earlier  than  those  of 
Dulone  and  Petll,  and  many  vary  important  papers  upon  the  specilio  heat  of  gases,  are  eiitiiely 
omitted.  Among  such  papers  may  be  mentioned  those  of  Clement  and  Desormes,  Delaroche  and 
Bfrard,  Laroisier  and  Laplace,  Irvine.  Crawford,  Wilke,  Black,  Haykraft  and  Mayer. 
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11.  Eegxaclt. — "Sur  la  chaleuTspecifiquedes  corps  simples  ct  des  corps  com- 

post."   Aon.Chim.Phys.(3).l.  129.  1841.    Poggeiid.  Aniial.  53. 60  and 
243. 

12.  Delarive  AND  Marcet.— "  Ueber  die  specifiache  Warme  dea  Kohlenstofta 

in  aeinen  vetschiedeuen  Zuatiinden."    Pc^gend.  Annal.  54. 125.  1841. 

13.  Eegnault. — "  Eecherches  sur  lea  clialeurs  apecifiques."    Ann.  Chim.  Phjs. 

(3).  9.  322.   1843,     Poggend.  Anna!.  62.  50. 

14.  Besaiss, — "M^moire  sur  la  chaleur  spiScifique  de  la  glace."    Compt.  Eend. 

20. 1345.  1845.    Ann.  Chim.  Pliys.  (3).  14.  306.    Poggend.  Annal.  65.  435. 

15.  Person.— "  Eecherches  sur  la  chaleur  latente."    Compt,  Eend.  23.  162. 

1816.    Po^end.  Annal.  70.  300. 

16.  Kopp. — "Ueber  die  specifiache  Warme  einigor  Fliissigkeiten."    Poggend. 

Anna!.  76.  98.  1848. 

17.  WoESTYN. — "  Ueber  die  apecifischenWiirmen."    Poggend.  Annal.  76.129. 

1849. 

18.  Eeosault.— "  Note  sur  la  chaleur  sp^ciflque  et  la  chaleur  latente  du  fusion 

du  brome,  et  sur  la  chaleur  spficiSque  du  mercure  aoHde."    Ann.  Chim. 
Phys.  (3).  26.  268.   1849.    Poggend.  Annal.  78. 118. 

19.  Eegnault.— "  Ueber  die  speciflsche  Warme  dea  fluasigen  Wassers  hei 

verschiedenen  Temperaturen."    Poggend.  Annal.  79.  241.   1850. 

20.  Person.-"  Eecherches  sur  la  chaleur  sp^cifique  des  dissolutions  salines." 

Ann.  Chim.  Phya.  (3).  33.  437.   1^1.     Ann.  Chem.  Pharm.  80.  136. 

21.  Garnier.—"  Eecherches  sur  lea  rapports  entre  le  poids  atomique  moyen 

des  corps  aimples,  et  leur  chaleur  sp^cifique."    Compt.  Eend.  35.  278. 
1852.    Ann.  Chem.  I'harm.  84. 

22.  Eegnault. — "Eecherches  sur  lea  chaleurs  spficifiques  des  fluides  ^lasti- 

ques."    Compt.  Eend.  36.  676.  1853.     Poggend.  Annal.  89.  335. 

23.  Eegnault. — "Note  sur  la  chaleur  sp^cifique  du  phosphore  rouge."    Ann. 

Chim.  Phya.  (3).  38.  129.  1853.    Pc^gend.  Annal.  89.  495. 

24.  Angstrom.— "  Notiz  uber  die  latente  und  speciiisehe  Warme  des  Eises." 

Poggend.  Annal.  90.  509.  1853. 

25.  Eegnault.—"  Memoirs  sur  la  chaleur  sp^ciflque  de  quelques  corps  simples, 

et  sur  !es  modifications  isomiJriques  du  s^l^nium."    Ann.  Chim.  Phys. 
(3).  46.  257.  1856.    Po^end.  Annal.  98.  39S. 

26.  Eegnault. — "Sur  la  chaleur  sp^eifique  de  quelques  corps  simples,"    Ann. 

Chim.  Phys.  (3).  63.  5.  1861. 

27.  Eegnault.- "Sur  la  chaleur  ap^cifiqne  du  thallium."    Ann.  Chim.  Phj^s. 

(3).  67.  427.  1863. 

28.  Kopp.— "Ueber  die  apecifische  Warme  starrer  Korper,  und  Folgerungen 

bezflglich  der  zusammengeaetzheit  s.  g.  chemischer  Elemente."    Ann. 
Chem.  Pharm.  126.  362.  1864. 
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29.  Pape.— "  Ueber  die  speciflsche  Warme  wasserfreier  und  wasscrhaltiger 

achwefelsaurer  Sake."     Poggend.  Annal.  120.  337  and  579.   1864. 

30.  Eegnault. — "Bemerkungen  uber  die  zur  Bestmimung  der  specifischen 

Warme  fester  Kiirper  angewendeten  Verfaliren."    Poggend.  Anna].  122. 
257.  1864. 

31.  BoHN.— "  Noch  einige  Bemerkungen  uber  die  Bestimmung  der  speciflsclicn 

Warme  aus  Miachversuchen."    Poggend,  Annal.  122.  289.  1S64. 

S3.  Pape. — "Ueber  die  speciflsche  Warme  unterachwefligsaurer  Salze."  Pog- 
gend. Annal.  122.  408.  1864. 

S3,  Neumann. — "Beobachtungen  uber  die  specifische  Warme  verschiedener, 
namcntlich  zusammengesetzter  Korper."  Poggend.  Annal.  126.  123. 
1865. 

34.  Kopp.— "  Investigations  of  the  specific  heat  of  solid  bodies."    Phil.  Trans. 

1865.  71.    Ann.  Chem.  Pharm.  3rd.  supp.  bd.    Chem.  Soc.  Journ.  1866. 

35.  BuPF. — "Ueber  eine  Beziehung  der  Valenz  der  Atome  zu  der  specifischen 

Warme  derselben."    Ann.  Chem.  Pharm.  4th.  supp.  bd.  164.  1865-6, 

36.  Bettendoep  AND  WuLLNEE.—"  Einige  Versuche  iiber  speciflsche  Warme 

allotroper  Modificationen."     Poggend.  Annal.  133,  293.   1868. 

37.  ScHULi-ER.— "Ueber  die  speciflsche  Warme  von  Salzloaungen."    Poggend. 

Annal.  136.  70  and  235.   1869. 
88.  DupRi;  and  Page.— "On  the  Bi>ecific  beat  and  other  phj-aieal  characters  of 
mixtures  of  ethylic  alcohol  and  water."    Phil.  Trans.  1869.  591. 

39.  WiJLLSER.—"  Ueber  die  speciflsche  Wiirme  von  Saldosongen  und  Flussig- 

keitsgemischen."     Poggend.  Annal.  140.  479.  1870. 

40.  Pfausdler  AND  Platter. — "Ueber  die  Warm ecapaci tat  des  Wassers  in 

der  Nahe  seines  Dichtigkeits maximums."    Poggend.  Annal.  140,  574; 
and  141,  537.  1870 

41.  El-sse;t.— "  Calorimetrische  Unt«rsuchnngen."      Poggend.  Annal,  141. 1. 

1870. 

42.  Mariosac.—"  Researches  on  the  speciflc  heats,  densities,  and  expansions 

of  some  liquids."    Phil.  Mag.  (4).  41. 134.  1871. 

43.  MixTER  AND  Dana.     "Speciflsche  Warme  des  Zirkoniuma,  Siliciums,  und 

Bors."    Ann.  Chem.  Pharm.  169.  388. 1873. 

44.  WiNXELMANN. — "Ucber  die  Miachungswiirme  und  speciflsche  Wiirme  von 

riussigkeifcsgemischen."    Poggend.  Annal.  150.  593.  1873. 

45.  Weber.—"  The  specific  heat  of  the  elements  Carbon,  Boron,  and  Silicon." 

Phil.  Mag.  (4).  49.  161  and  276.  1875. 

46.  ScHTiLLEK  AND  V.  Waetha.—"  Ueber  das  Bunsen'sche  Eiscalorimeter." 

Eer.  d.  Deutsch.  Chem,  Gesellschaft.  8. 1011.  1875. 
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EXPLAIfATOET  NOTES. 


To  the  following  tables  a  few,  and  only  a  few,  notes  of  explanation  are  needed, 
referring  chiefly  to  abbreviations. 

The  letter  S.  affixed  to  the  name  of  any  substance,  or  to  a  determination  of 
specific  heat,  indicates  that  the  subatance  was  in  the  solid  condition.  The  letter 
L.,  on  the  other  hand,  stands  for  liquid.  These  signs  are  used  only  when  for  any 
given  substance  determinations  have  been  made  both  in  the  solid  and  liquid 
states. 

When  figures  indicating  any  given  temperature  are  appended  to  a  determina- 
tion of  specific  heat,  they  show  that  the  determination  applied  only  to  that 
temperature.  When,  however,  two  temperatures  are  given,  as  for  instance, 
.0557,  O^-lOO",  the  determination  is  the  mean  specific  heat  between  them  as 
extremes. 

Such  an  abbreviation  as  m.  of  ^,  m,  of  S,  attached  to  any  determination,  indi- 
cates that  it  is  a  mean  of  S,  mean  of  5,  &c.,  experiments. 

In  referring  to  authorities  more  extended  abbreviations  have  to  be  employed. 
A  single  number  attached  to  the  name  of  any  authority,  refers  to  the  accompa- 
nying list  of  papers.    Thus,  Kopp.  34,  refers  to  Kopp's  paper  numbered  34,  and 

With  other  abbreviations,  as  a  rnle,  which  refer  to  periodicals  or  large  works, 
numbers  indicating  series,  volume,  and  page  are  also  used.  Of  course  when  no 
number  for  series  is  given,  the  first  (or  perhaps  only)  series  is  referred  to.  The 
following  abbreviations  are  employed: — 

A.  C.  P.    "Annalen  der  Chemie  und  Pharmacie." 

A.  C.  Phys.    "Annales  de  Chimie  et  de  Physique." 

A.  S.  P.  N.    "Annales  des  Sciences  Physiques  et  Haturelles." 

C.  R    "  Coraptes  Eendus." 

C.  S.  J.    "Journal  of  the  Chemical  Society." 

Ed.  J.  S.    "Edinbui^h  Journal  of  Science." 
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BSPIANATORY   NOTES. 


Forisch.  D.  Phya.    "Fortsdmtte  der  Physik. 

GUb.  Ann.    "  Gilbert's  Annalen." 

Gm.  H.  Gmelin's  "Handbook, 
article  on  Specific  Heat.    (Hi 
heading,  waa  originally  published 
accessible  to  the  compiler.) 

J.    "Jahresbericht  fUr  Cbemie." 

P.  A.    "  Po^endorf' s  Annalen." 

"Watt's  Diet.    "  Watt'a  Dictionary." 

Wien  Ak,    "  Sitzungsbericlite  der  Akademie 


Edition  of  the  Cavendish  Society,  vol.  I, 
:  paper,  frequently  referred  to  under  this 
Moscow;  the  work  containing  it  was  not 
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-A.  TA.BLE 
IPECIFIC  HEAT, 


FOE  SOLIDS  AKJ  imDIDS, 


I.  ElExMentaey  Substaxces. 

Name. 

Atomic 
Weight 

Specific  Heal. 

Atomic 
Heat. 

Authority. 

Hydrogen. 
Fluorine. 
Chlorine. 
Bromine.          L. 

S. 

lotline.              L. 

S. 

19. 
35.5 
80.0 

127.     , 

■  135. 

.11094.1 
.11.94. 
-'0513.J 
.ii25-'8=-43.=6. 

.08432. 
.10S32. 
.082. 
.05412. 

10.80 
8.57 
8.S7 
9'=3 
8.41 
9.00 
6.7s 

'3-74 

6.87 

Dekrive&Marcet.  10. 
Andrews.  P.  A.  75.335. 

Eegiiault.  18. 

[(4).  22. 885. 
Marignac.  A.  C.Phys. 
Eegnault.  18.      [6.  78. 
Favre  &  Silbermann.  J. 
Avogadro.  7. 
Eegnault.  8. 

Lithium. 

Sodium. 

Potassium. 

Rubidium. 

Caesium, 

Silver. 

7. 
33. 
391 
85.4 
I33-0 
108.0 

.9408. 
■3934- 

.0557,  o°-ioo 
.0611,  o''-30o 
.063. 
.05701. 
■05433.  S'-io 
.0545s.  io°-i 
.05424,  iS°-2 
.05611,  5--10 

.05612,  lO"-! 

.05620,  I  5'-2 
.05fi9S,  0.° 
.05715,  50.° 
.05749,  100-° 
.05800,  150.° 
.05868,  200.° 
.05953.  250-° 
.06055,  300.° 

;1 

6,59 
6.75 

6.02 
6.60 
6.80 
6.16 
5.87 
5.89 
5.86 
6.06 
6.06 
6.07 
6.15 
6.17 
6,21 
6,26 
6.34 
6.43 
6.54 

Eeynault.  26. 
25. 

|Dulong&  Petit.  I. 

Potter.  Ed.  J.  S.  5.  SO. 
Regiiault.  8. 

Eegnault.*  13. 

Byatrom, 

Forlsch.  d.  Phys. 
16.  370. 

■e  many  determinations  lor  precipitated  silver 
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SPECIFIC  HEAT  TABLES. 


^^^^^-^. 

Atomic 

Name. 

Weight 

Specific  Heat. 

Heat. 

Authority. 

Silver 

0560. 

6.05 

Kopp.     34. 

0559. 

6.04 

Bunsen.    41. 

» 

05494. 

5-93 

Mixter  &  Dana.     43. 

Thailium. 

204. 

03250. 

6.63 

Lamy.  Watts'  Dict.3.30. 

" 

03355- 

6.84 

Eegnault.     27. 

Oxygen. 

t6. 

Sulphur.     Liquid. 

32. 

2337.  i'9.''3-'46-°7 

7.43 

Person.  P.  A.    74.  509. 

Solid. 

1900. 

6.08 

Dalton.    Gm.H.  I, 

« 

J  880.       [Sulphur. 

6.02 

Dulong  &  Petit.    2. 

209,     Flowers  of 

6.69 

Neumann.    4. 

20259. 

6.49 

Rognault.     8. 

i776.Nativecryst.i 

5.68 

I764.F..cdsincc,y=. 

5-64 

Eegnault.    13. 

1803.    K         «  ,:„,. 

5-77 

1844.    Lately  fused,  J 

5.90 

235,  12o'>-147.'> 

7.52 

Person.    15. 

163,  l7''-45."Rhomh 

5.22 

Kopp.    34. 

I7'2-    RollBrimstone 

5.48 

Bunsen.     41, 

Selenium. 

79-5 

067;. 

5.37 

Hermann.  Gm.  H.  L 

„ 

oSz4.  S'-iS-" 

6.63 

Delarive  &  Mareet.  10. 

07446.  Metallic.  I 

5.92 

-JEegnault.    25. 

, 

07468.  Vitreous.  | 

5-94 

a 

0860.  m.  of  ,3.  Crysl 

6.84 

Neumann.     33. 

0 

o8404.)cryst. 

6-68 

[ner.     36. 

a 

08399.J,  San,pl«. 

6.68 

Bcttcndorf  &  Wull- 

cc 

0953.  Anorphous. 

7.58 

Tellurium. 

129. 

0912. 

Dulong  &  Petit.    2. 

05155. 

6.65. 

Regnault.     8. 

.05165.   Undist'd.) 
.04737,    Distilled.! 

6.66. 

jpegnault.    25. 

6.11. 

.0475. 

6.13. 

Kopp.    34. 

Calcium. 

40. 

.1686.") 

.,722,f 

6.74. 

<  Bunsen.    41. 

6,88. 

Strontium. 

87.5 

Barium. 

137.0 

Lead.          Melted 

Z07.0 

.039-  340°-440-° 

8,07. 

Person.     15. 

« 

.0402. 

8.32.  ^rersou.    P.  A.  70.  426. 

Solid 

.0400. 

jDalton.   Gm.  H.L 

.0293. 

6.07, 

Dulong  &  Petit.    2. 

.032, 

6.62, 

Potter.  Ed.  J.  S.   5.  80. 

,0299. 

6.19. 

Hermann.  Gm.  H.    1. 

.03140,    LO'-IOO." 

6,50. 

Eegnault.    8. 

.O3o6s,-77''75tc>+-io° 

6.34. 

Eegnault.    18,  [38.89. 

.0321. 

6.64. 

Schnidaritseh.  Wien  A. 

«                    « 

.03050, i4''-io8.°  "1 
.03170,16^-172.°  1 

6.31. 

JBede.      Fortsch.     d. 
I     Phys.    11.  379. 

6.56. 
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SPECIFIC  HEAT  TABLES. 


Atomic  1 

Atomic 

Name. 

Weight      Specific  Heat. 

Heat. 

Authority. 

Lead.             Solid. 

1 

6.52. 

Kopp.  84. 

Chromium. 

52.5 

Manganese. 

55. 

144TI. Very  impure 

Ut:gniiult.     8. 

u 

;-;}„„,... 

6.69. 

i  Eegnault.     20. 

(                 [Ann.  5.  42. 

Iron. 

56. 

1269. 

7.11, 

Crawford.     See    Gilb. 

1300. 

7.28. 

Dalton.  Gm.  H.  I. 

Io9S,o''-ioo.<'  > 

6.15. 

r 

nso,o°-2oo.=  1 

6.44. 

1218,0^00."  r 

6.82. 

<  Dulong  &  Petit.     1. 

i255.o°-3So-°  J 

7.03- 
6.16. 

I 
Potter.  Ed.  J.  S.  S.  80. 

1054. 

5.90. 

Hermann.  Gm.  H.  I. 

"379- 
1131. 

6.37. 
6.33- 

Eegnault.8.  [Ak.38.39. 
Sclinidarifsch.      Wien 

1123.  iS°-ioo.°   1 

6.29. 

r  Bede. 

11533.  le^-ua."  \ 

6,46. 

<      ForlBch.  d.  Phys. 

i233i.2o''-24;.°J 

6.91. 

L                       11.  379. 

1.1641,0.= 

6.25. 

112369.50.= 

6.29. 

113795.  100." 

6-37. 

Byslrijm. 

115949.  150.° 

6.49. 

i      Fortsch.  d,  Tliys. 

118821.200.' 

6.65. 

16.  370. 

122411.250.° 

6.85. 

126719,300.° 

7.10. 

112. 

6.27. 

Kopp.  34. 

1125. 

6.30. 

Weber.  P.  A.  140.  257. 

6.37. 

1151- j>  99^1. 

6.45- 

6.27. 

II18.  23S°2. 

6.26. 

1126.  247?2. 

6.31. 

1126.  248''i. 

6.31. 

j  Weinhold. 

1248.  475-° 
1261.  490.° 

6.99. 
7.06. 

1           r.  A.  149,  186. 

1284.  522.° 

7.19- 

1407.  697.° 

7.88. 

1422.  736.° 

7.96. 

1570.  874.° 

8.79. 

1567.  900.°   J 

8-77. 

(,                      [50.  555. 

15693,  o'-icMO." 

8.79- 

W.  C.  Roberts,  P.  M.  4. 

Cast  Iron, 

12768, 0.°      1 
12830,  50,°     I 
12954,  iog.°  J 

Eegnault.    8. 
r  Bystrcim. 
J      Fortsch.  d.  Phys. 
1,                       16.  870. 
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SPECIFIC  HEAT  TABLES. 

IS 

itomi7 

Atomic 

Name. 

Weight 

Specific  Heat. 

Heat. 

Authority. 

Cast  Iron. 

13140,150.° 
13388,  200.= 
13698,  250.° 
14070,  300.° 

J  Bystroni.  Fortsch.  d. 
Phya.    16,370. 

White  Cast  Iron. 

12983- 

KegnauH.     8. 

Steel. 

11848. 

1165.      Soft.l 

1175-  Hard.f 

11850,   50.° 
11986,   100.° 
12190,   150."  V 
12462,  200." 
12802,  250.° 
1321,  300.°    J 

Rc!;iianlt,     8, 
JEegnault.   13. 

Bj-striim.       Fortsch. 
d.  Phys.    X6.  370. 

Nickel. 

58.7 

103S- 

10863.                   1 

lII92.Unru.edV|J 

.11631.  Cast  j^aJ 

6.07 
6.3S 

Diilong  &  Petit.     2. 
J  Eegiiault.    8. 

L 

.11095. 

6,51 

Kegnault,    25. 

■10752.) 
.1108.  ) 

6.31 
6,50 

JEcgnault.     2C. 

Ctobalt. 

58.7 

.1498. 

Diilong  &  Petit.    2. 

.10696.          [&rbr>n.\ 
.11712.Cas..ConKiiiaJ 

6.38 

iUegnault.    8. 

.1173.  5°-i5.° 

6.88 

Delarive  &  Jlarcct.  10. 

.10094,    "1 

5-93 

r 

,10620.     > 

6.23 

-i  Eegnault.    26. 

,10727.    J 

6.30 

I 

TJrnnium. 

120. 

,06190. 

743 

Eegnault.    8. 

Copper. 

63.5 

,0949,  O'-IOO.") 

,1013,  o^-aoo.^J 

6.03 

JDuloiig  &  Petit.    1. 

6.43 

,096. 

6,10 

I'otter,  Ed.  J.  S.  5.  80. 

.0961. 

6.10 

Hermann.  Gm.  H.  I. 

,09515. 

6.04 

Eegnaiilt.    8. 

,09s,  5''-i5.'' 

6.03 

Delarive  &  Ularcet,  10. 

r 

.08913,  io'-i5.°  i 

J.  Eegnault.    13. 

.08847.  i5°-2o,''J 

I 

.09331,  i5"-ioo.n 

5-93 

f  Bede.       Fortsch.  d. 

,09483,  i6''-T72.''  ^ 

6.02 

i      Phys.  11.  379. 

,09680,  i7°-247.''  J 

6.15 

L 

.0951. 

Pape.    29. 

.0930. 

5,90 

Kopp.    34. 

Eiithenmm. 

104.4 

.061 1. 

6.38 

Bunsen.    41. 

Ehodium. 

104,4 

.05803,  r^^""?'*^ 

5-77 
6,07 

JEegnault.    26. 
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SPECIFIC  HEAT  TABLES. 

Name. 

Atomic 
Weight 

Specific  Heat. 

Heat. 

Authority. 

Ehodium. 

.05408,  m.  of  3. 

5.64 

Kegnault.    25. 

Palladium. 

1 06,6 

.05927. 

6.32 

Hcgnault.    8. 

.05921.1 

6.31 

(  Roberts  &  Wright.  C.  S.  J. 

06007.    i5°-ioo.° 

6.40 

(2).  U.  117.     See  thia 

06022.  J 

6.42 

}      paper   for  full    detnJls 

O59i8,-io°,o+i5° 

concerning    paUadlum 

6.31 

i    with  occluded  hydtogcjL 

Platinum. 

197-5 

0355,  o'-ioo."  1 
0355,  o^-aoo."  J 

f 

7.01 

j  Dulong  &  Petit.     1. 

.03 14. 

6.20 

Dulong  &  Petit.     2. 

03243.  Rolled. 
.03293.  Spongy. 

6.40 
6.50 

j  Eeguault.    8. 

■03509,  5°-'o.°  ]  g 
03449.  io''-i5.''    1 

6.93 

r 

6.81 

{  Eegnault.     13. 

03509,  I5''-20.^J« 

6.93 

I 

.0335.  o'-ioo-"  " 

6.62 

0343,  o°-300.° 

6.77 

Pouillet.     Sco    Ba!- 

0352,  o°-5oo.° 

6.95 

,     four  Stewart's  "Ele- 

0360, o^-yoo." 

7.1 1 

mentary     Treatise 

0373.  o'-iooo." 

7-37 

on  Heat."    P.  268. 

03S2,  o-'-izoo." 

7.54 

032386,  0.= 

6.39 

032480,  50." 

6.41 

032668,  100.= 

6.45 

Bj'strom.  Fortseh.  d 

032950,  150.° 
033326,  200.= 

6.5. 
6.58 

Phys.    16.  370. 

033796.  250-° 

6.67 

034750,  300.° 

6.86 

0325. 

6.42 

Kopp.    34. 

03290.  ^ 
03270,  I  99?!. 
03297. J 

6.49 

6.46 

6.51 

03508.  238?5. 

6-93 

03520.  246°4. 

6.95 

03411.  256?8. 

6.74 

o3i88.  476.° 

6.30 

.   Wcinhold.      P.     A. 

03230,  478." 

6.38 

149.    186. 

03253-  5o7.° 

6.42 

°3333'  705.° 

6.58 

033S1.  766." 

6.6S 

03396-  934.° 

6.71 

03333-  952-"        J 

6.58 

Iridium. 

198. 

03683. Very  impur 

iegnault.    8. 

0363, 

7.19 

Eegnault.     25. 

o4i86.| 
03259-r^^"'^^^ 

6.45 

[Eegnault.    26. 
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Name. 

Weight 

Specific  Heat. 

Atomic 
Heat. 

Authority. 

Osmium. 

199.2. 

03063,  m.  of  3. 

6.10. 

Eegnault.    25. 

" 

^^„^|2  samples. 

6.10. 
6.20. 

lEegnault.    26. 

Molybdemiin. 

95,9. 

07218. 
0659,  5"-!  5° 

6,92. 
6.32. 

Eegnault.     8. 
Delarive  &  Marcet.  10. 

Tungsten. 

184. 

03636. 

035,  6=25-15. 

6.69. 

6,44. 

Eegnault.    8. 
Delarive  &  iVIarcet.  10. 

Indium. 
Zinc. 

1 1 3.4. 
65.3- 

03342. 
05651 
0574-r 

6.15, 
6.40, 
6.51. 
6.52. 

Eegnault.     26. 
i  Buiiacn.     41. 
Dalton.    Gm.  H.  I. 

0927.  C-ioo.") 
1015,  o='-300.'^J" 

6.04. 
6.62. 

-JDulongA  Petit.     1. 

0929. 

6.06. 

Neumann.    4. 

098. 

6.40. 

rotter,    Ed.  J.  S.  5,  80. 

09555. 

6.23. 

Eegnault.    8. 

09142,  5°-io-°    "1 

09352,    lO'-IJ."     ^ 

09123.  is^-ao."  J 
0924. 

5,96. 
6.03, 
5.95- 
6.02. 

\  Eegnault.    IS. 
1,              [Ak.    38.  39. 
Schnidaritsch.      Wien 

.    Distilled. 

09088.  i6°-ioi."-| 

09385,  I7°-I72.°  \ 

.09563.  t7°-3i3-°J 

.0932. 

093;- 

.09393- 

5-93- 

6.12. 

6.23. 
6,08. 
6.10. 
6.12. 

j   Bede.    Fortach.  d. 
1       Phys,    11.  379. 
Kopp.    34. 

Bunsen.    41.             [46. 
Scliulier  &  V.  Wartha. 

Cadmium. 

112. 

0385. 

Ilennann.    Gm.  H.  I, 

" 

.05669. 
0576,  5''-'i5° 

6.35- 
6.45. 

Eegnault.    8. 
Dclarivo  &  Marcet.  10, 

J 

.05908,  5°-io.-    -j 
.05969.  io°-i5.''    \ 

05938.    I5=-20.'    J 

0542. 
.0543. 

6.62. 
6.68. 
6.65. 
6.07. 
6.14. 

i  Eegnault.    13. 

Kopp.    34. 
Bunsen.     41. 

Magnesium. 
Mercuiy. 

24. 

.2499- 

.245. 

0330. 

0330,  o^-ioo."! 

0350,  o''-300.<') 

03332.   lO^-IOO.' 

03  IS, 

0282,  5°-'o°    ] 

0283,  io'=-i5.=  y 

6.00. 
5.88. 
6.60. 
6.60. 
7 -70. 
6.64. 
6.36. 

Eegnault.    26. 
Kopp.    34. 
Kirwan.    Gm.  H.  I. 

SDulong  and  Petit.    1. 
Eegnault.    8. 
Delarive  &  Marcet.  10. 

r 

-j  Eegnault,    13. 

Kopp.    16. 
Kopp.    34. 

J 

0290.    I5''-20.''  J 

0332,  24°-44.° 
0335.  m.ofs- 

6.64. 
7-37- 
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SPECIFIC  HEAT  TABLES. 


.Atomic 

Atom 

Name, 

Weight 

Specific  Heat. 

Heat 

Authority. 

Mercury.      'Solid. 

03193.-77^75(0-40° 

6.38 

Eegnault.    18. 

Nitrogen. 

14. 

Boron.Amorphous 

3598-1 

3.96 

r 

II               (1 

3483.  \ 
4053-  J 

3-83 
4.46 

-I  Eegnault.    2G. 

254. 

2.79 

Kopp.    34. 

n  Graphitoidal. 

2352. 

2.59 

Eegnault.    26. 

cc    Crj-stalline. 

2622. 1 

2.88 

r 

1                n 

2574-  J 

2.48 

<  Eegnault.    26. 

2.83 

I 

,<             « 

230. 

2-53 

Kopp.    84 

2518. 

2.77 

Mixter  &  Dana.    43. 

i9iS,-39''6.  ^ 

2.11 

2382,+26?6. 

2.72 

II            « 

3737.     76'7- 

3.01 

,  F.  Weber.  P.  M.  (4) 

.. 

3069,  i25°8. 

3.38 

1             49.  290. 

3378,  i77°3- 

3-72 

3653,  233^2-  J 

403 

Phospliorus. 

3'- 

196,  5O°-IO0.'Melted 

6.03 

Desains.  P.  A.  70.  315. 

2045. 

6.3+ 

Pei-son.    P.  A.  74.  509. 

"     Common. 

2goo. 
385. 

Hermann.    Gm.  H.  I. 
Avogadro.    7. 

I           I 

1887.  lo^-so."    \ 

25142,  O^-IOO."  J 

5-85 

<  Eegnault.    8. 

2I3.50"-I<».- 

6.57 

Pereon.    15, 

11 

20<»,  2S°^5o-'' 

6.20 

Desains.   P.  A,  70.  315. 

i788,^2!<'to+7-° 

5-54 

Person.    P.  A.  74.509. 

i740.-77'!7S>°+io°l 
1887.  lo'-so."       1 

5-39 
5-85 

JEegnaTilt.    18. 

« 

202.  ,3'>-36.'' 

6.26 

Kopp.    84 

II     .         Ecd. 

,698.. 

5,26 

Eegnault.    23. 

Arsenic. 

75- 

0804. 

6.03 

Hermann.    Gm.  H.  I. 

081. 

6.07 

Avogadro.    7. 

08140. 

6.10 

Eegnault.    8. 

09006.  5°-io."  ^ 

6.75 

« 

09085,  io°-i5.°  [ 

6.81 

Eegnault.    13. 

n 

09019,  i5--2o.=  J 

6.76 

« 

.0822.  m.  of  6. 

6.16 

Neumann.    33. 

'■ 

.0830.  Crystalline. 1 
.07  58.  Amorphous  J 

6.22 

(Bettflndorf  &  Wull- 
1    ner.    36. 

5.68 

Antimony. 

122, 

-O5o7,o=-ioo.°l 
.O549,c>°-300-''J 

6.19 
6.69 

JDulongcfc  Petit.    1. 
L 

-047. 

5.73 

NeiJinann.    4. 

« 

0496. 

6,05 

Hermann.    Gm.  H.  I. 

" 

05077. 

6.19 

Eegnault.    8. 
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17 

Name. 

Atomic' 

Weight      Specific  Heat. 

Atomic 
Heat. 

Authority. 

Antimony. 

06305,  S^-io."    -1 
06367,  10^-13.°  > 
06424,  i5°-2o.''J 

liegnault,     13. 

04S61,  i3°-io6.°~i 

$•93 

Bode,       Forlsch,    d. 

04989.  i5°-i7S-°  \ 

6.09 

riiys.  11,  37y. 

05073,    I2°-309,''J 

6,19 

0523. 

6.38 

iopp.    34. 

„ 

0495. 

6,04 

Bun  sen.     1. 

Bismuth,    MeltedJ  aio. 

035,  2So''~370.'' 

7.35 

Person.     15. 

■■      ' 

0363. 

7.62 

Person.    P.  A.  76.  426. 

Solid, 

028S. 

6,05 

Dulong  &  Petit,    2. 

027. 

5,67 

S^evimaim.    4. 

039- 

Potter.  Ed.  J.  8.  5.  80. 

03084. 

6.48     Regiiault,    8. 

03732.  S'-io,"  ~| 

0378S,  10^-15,=  ^ 

Rcgnanlt.     13. 

03639.  i5°-2o.°J 

0309, 

6.49 

Bchnidaritsch ,  Wien,  .Vk.3a,39, 

02889.  i3°-'o6,° 

6,07 

03036,  15°-175.° 

6.38 

Bede.       Fortsdi.    d. 

.030S5,  i3''-2o5,'' 

6.48 

Phya.    11.  373. 

02979.9°-io2.°Pu- 

6,26 

0305.              [^^r.d 

6,40 

Kopp.    34. 

Vaimilium. 

5i'5 

Gold, 

197.       ,0298, 

5.47 

Diilong  &  Petit,    2.' 

,o.l6. 

Potter,    Ed.J.  S.6.  80. 

,03394- 

6.49 

Eegnault.    8. 

Ciirbon.  Diiiinond 

12, 

,1193,  S"-!!," 

143 

Delarive  &  Ularcet.  10. 

-14687, 

1.76 

Eegnault,    11.         [36. 

,1483,  m.  of  5. 

1.78 

Bettendorf  &  Wullner. 

<.               " 

■'«4.U=-,oo,'>    ) 

1,72 

,1439- J 

1.73 

,( 

.0947. 0,"      "^ 

1. 14 

Weber,     P.  A,   147, 

■'435.  50-° 

1.72 

]      311. 

,.905,  100.^  \ 

■2,29 

«               « 

■=357,  150." 

2,83 

.2791.  250.°  J 

3'35 

:i                   11 

.10.0.=    -1 
.28,  300,°/ 

Weber.    0.  S,  J.  (2). 

1,                   « 

3-36 

12.    224. 

« 

,0635,  —  ;o?5. 

0.76 

,0955,  —  we. 

1.15 

„                   „ 

-1 128, +  10=7     . 

1.35 

1  F.  Weber.  P.  M,  (4). 

11                   11 

.1318,  33°4. 

1.58 

49,  161, 

«                   u 

,1532.  5S°3- 

1,84 

" 

,1765,  85°5- 
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Atomic 

Atomic 

Name. 

Weight 

Specific  Heat. 

Heat. 

Authority. 

Carbon.  Diamond, 

.2218,  140.° 
.2733,  206? I. 

2.66 
3-28 

u 

.3026.  247.° 

3.63 

F.  Weber.  P.  M.  (4). 

<.               « 

,4408,  6o6°7. 

5-29 

49.     1131. 

ii               « 

.4489.  So6°5. 

5-39 

,1               « 

.4589.  985.= 

5-Si 

«        Graphite. 

.20187.  Natural.    T 
.i9703.Froiiiiron.J 

2.42 
2.36 

Eegnault.    11. 

n                   « 

.174.     Natural.      I 
.166.    From  iron./ 

2.09 
1.99 

Kopp.    34. 

"                   " 

2.29 
2.43 

Eegnault.    J.  19.  22. 

,1955.  Natural.      1 
.1961.  From  iron./ 

2-35 

Bettendorf  &   Wiill- 
ner.    36. 

2.35 

.1439.  o''-34-°  1 
..967,o<'-.oo.4 

1-73 
2.36 

Weber.  P.A.147.311. 

2.04 

Weber.    C.  S.  J.  (2). 

.35.  300-° 

4.20 

12.  224. 

u                   « 

.1138,—  50=3.'! 

'■37 

.1437,  —  io°7- 

1.72 

.1604,  +   io?8. 

1.92 

.1990.  6i°3. 

2.39 

.2542,  138^5. 

3-05 

F.  Wcbcr.  r.M.  (4). 

.2966,  201?5. 

3.5<^ 

49.    276. 

K                   n 

.3250, 249^3. 

3-90 

<r                   n 

.4454.  641  ?9- 

5-34 

i< 

.4539,  823.° 

5.46 

II                      cc 

.4670,  977?9. 

5.fo 

"        Charcoal. 

.25. 

3.00 

Crawford.    Sec  6. 

.24111. 

2.89 

iegnaiilt.    8. 

.24150. 

2.90 

Eegnault.     11. 

.165,  6?25-i;.= 

1,98 

Delarivc  &  Marcet.  10. 

B 

.1593.    From  sugar. 

1.91 

.1801,       "turpentine 

2.16 

DcUrive&Marcet.l2. 

((                           B 

.2009,P(,pl'rqutneh'd 

2.41 

B 

.2964,    "   unqiiench'd 

356 

.i653,o°-23?5.  ■ 

1.98 

F.  Weber.    P.M.  (4). 

B                                 U 

■1935.  0^-99^22.  ■ 

2.32 

49.    276. 

,2385.  0°-223?6.J 

2.86 

"       Animal  C 

.257. 

3.08 

Avogadro.    6. 

.26085. 

3'i3 

Regnault.    11. 

B      Anthracite 

'.20171.  Welsh,     l 
.20100.  Penn'a.    J 

Eegnault.     11. 

f   Amorplious 

I.1906,  o-'-gg,"        1 

1.2348,  0°-225°6.      J 

2.29 

■F.  Weber.    P.M.  (4). 

"     iftS^o.    '""^ 

2.82 

49.    276. 

Coke 

.20307.  Fromcann 

el. 

2.44 

Regnault.    11. 
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Name. 

Atomic 
Weight 

Specific  Heat. 

Atomic 
Heat. 

Authority. 

Carbon.         Coke 

.20085.From  anthrMitt 

2.41 

Eegnaiilt.    11. 

«    Gaa  Carbon 

.20360. 

2.44 

Eegnault.     11. 

<i       ,.        « 

.185. 

Kopp.    34.              [30. 

., 

.204,  m.  of  S. 

2.45 

Eetf  eiidorf  &  Wiillner. 

11      In  general 

.32,  20°-IO40.°"l 

,42,  zioo"         J 

3.84 

fDewar.  C.  S.  J.  (2). 
1     11.  239. 

5,04 

SiliTOu.            Cast 

28 

■1557-  1 

4.36  :  f 

til    i  j  Rcgnault.    26. 

.1630.        Eirlydcl. 

■1747-    J 

.1750,  Latest  det. 

4.90 

L 

.138. 

3.86 

Kopp.    34. 

"        Graphitic 

181. 

5.07 

Kopp.    34. 

Cry.t 

1673.    1 

4.68 

.76.. 
1742.    f 

4-93 
4.88 

Eegnault.    2C. 

1787.   J 

5.03 

165, 

4.62 

Kopp.    34. 

16995.1 
1704.   1 

4.76 
4-77 

JMixter  &  Dana.    43. 

1360, —  39% 

3.81 

1697,  +  21%. 

4-75 

1833.  S7°i- 

5.'3 

1901,  S6"o. 

5-32 

.  F.  Wchcr.    r.  M,  (4). 

1964,  12S-7. 

5.50 

49.  29  i. 

2011,  i84''3- 

5-63 

2029,  232=4. 

5.6S 

Titanium. 
Tin. 

SO. 
118. 

0704. 
0700. 

[Ann.  5.  42. 
Crawford.  See  Gilb. 
Dalton.     Gni.  H.  I. 

0514. 

6-06 

Duloiig  &  Petit.    2. 

o;C. 

6.61 

Potter.    Ed.J.S.  5.  80. 

05623.  Banca,     1 

6.63 

f 

05965.  English,  1 

6,7a 

jEegnanlt.    8. 

0514,  S°-I5.° 

6.06 

Dclarive  &  Mai-ct;t.  10. 

05477. 5°-io-°  ]i 

6.46 

05546,  to°-i5.°  i 

6.54 

05504.  i5°-M-''  '^ 
05651,  S'^-IO."     .E 

6.49 
6.67 

Ecgnaull.    13. 

05614.  loM  5.= -S 

6.62 

05662,  r5°-2o.=J|J 

6.68 

[Ak.  38.  39. 

0533- 

6.29 

Schnidaritscli.      ^^'ien 

05445,  i5°-ioo.° 
05753.  i5°-T72.'' 

6.43 
6.79 
6.88 

Bede.      Fortscli.    d. 

05832,  i6''-2i3,'' 

Phys.    11.  379. 

0548. 

6.47 

Kopp.    S-i. 

0545.    Allotror 

.. 

6.43 

Bunsen.    41. 
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SPECIFIC  HEAT  TABLES. 

Name. 

Atomic 
Weight 

Speciiic  Heat. 

Atomic 
Heat. 

Authority. 

Tin. 

Melted, 

Zirconium. 

89,6 

.0559.              Cast. 
,061,  240=^340'= 
.0637. 
.06666. 

6.60 
7.20 
7.52 
^97 

Bunsen.     41. 
Person.     15. 
Person.  ]'.  A.     76.  420. 
Mixfer  &  Dana.    43. 

Tliorium. 

234- 

Lanthanum. 

Didymium. 

Cerium. 

yttrium. 

Erbium. 

93. 
96. 
93. 
59-7- 
1I3.7- 

.05. 

? 

Scliviclmrdt.* 

Gluciimm. 
Aluminum. 

9-3 
27.4. 

.21224. 

S.82. 
5-53- 

Ecgnault.     25. 
Kiipp.    34. 

Xiobium. 
Tantalum. 

9-4- 
172. 

^Quoted  by  Mcndolejcff.  A.  C.  P.    8th  Snpplcii 
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SPECIFIC  IIEA  T  TABLES. 


II.    Ihorganio  Fluobides,  Chlorides,  Bromides,  and  Iodides, 


=^==^^ 

. ^ 

Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Sodium  fluoride 

Jfii  F. 

267S. 

II.2S 

Hermann.Gm.H.I 

Calcium      - 

Ca  Fj. 

1912. 

14.91 

Hermann.Gm.H.I 

2082. 

16,24 

Neumann.    4. 

21492. 

J  6.76 

Regnault.    11. 

209. 

16.30 

Kopp.    84, 

Crj-olite. 

2  Ka  F.    Al  F,. 

33S. 

50.07 

Kopp.    84, 

Litliiiim  cliloriiiy 

Li  CI. 

2650. 

11.26 

Hermann.Gm.H ,  I 

«                        0 

28213. 

11.99 

Eegnftult.    25. 

Sodium 

NaCl. 

.325. 

.2300. 
,1817. 

13.22 
13.45 

Gadolin.    See  6! 
Dalton.  Gm.  H.  I. 
Hernaami.Gm.H.I 

.. 

„ 

12.93 

Avogadro.  6.  [474. 

„ 

.'743- 

Eiidberg.P.A.  35. 

.21401. 

12.52 

Regnault.    11. 

„ 

.2070. 

12.11 

Neumann,    33. 

" 

.219,    Rccfc5.k,    ) 

12.46 
12,81 

{kopp.    84. 

Potaasium     - 

K  CI, 

.1403. 

Hermann.Gm.H.I 

.184. 

13-71 

Avogadro,    G. 

« 

.17295. 

12.88 

Regnault    11. 

.1663. 
.171. 

12.39 
12,74 

Neumann.    33. 
Kopp    34, 

Kubldium      11 

Eb  a. 

.112. 

13.54 

Kopp,    SI, 

Amnion  iuin  " 

KH.  CI. 

.3908. 

20.91 

Neumann.    33. 

a                 .1 

.373.    Cts-^alliiuJ. 

19.96 

Kopp.    84. 

Silver 

Ag  CI. 

.□844. 

Hermann,Gm,H,I 

^1 

.09109. 

13-07 

Regnault.    11. 

<i 

.0894. 

12.83 

Neumann.    S3. 

Sulplmr  chloride 

Sj  CI,. 

.2048,  5°-io'' 

.2024,10"-!  5°   L. 

.2O33,i5<'-20°, 

Regnault.    13. 

Calcium         .1 

Ca  CIj. 

Hermann, Gm.H.I 

.194. 

21.53  Avogadro.     ^■ 

« 

.  16420. 

18.23  Kegnault.     H- 

U                        (1 

Ca  CI,,  r,  H,  0. 

.4o6,-4o''to-2.° 

88.91:  f 

1<          « 

,1 

.647,  4''-28.'' 

141.69 

11                 n 

« 

.358,  3i°-6o.° 

78.40  S  Person.    15. 

II 

.628,  eo'-ioo." 

137.53 

- 

« 

.5i9,ioo=-i27.° 

1 113.66  L 
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SPECIFIC  BEAT  TABLES. 


Name. 

Formula. 

Specific  Heat,  '^f^^ 

Authority. 

Strontium  chlor- 

ide. 

Sr  CI,. 

.0972. 

Hermann.Gm.H.I 

«            .1 

» 

.11990. 

19.00 

liegnault.     11. 

Barium  chloride 

Ba  CI,. 

.0780. 

TIerm:inn.Gm.H.I 

« 

.08957. 

18.63 

Kcgnault.     11. 

.0902. 

18.76 

Kopp.     S4. 

« 

Ba  CI,.  2  H,  0. 

.17I.     Crystals. 

41-72 

« 

Lead 

Pb  Olj. 

.06641. 

1846 

EegnauH.    31. 

« 

u 

.0692. 

19.24 

Neumann.    33. 

Cliromium  « 

Cr.Cl.. 

4547 

Kopp.    34. 

Manganese  « 

Mn  Cij. 

I4255. 

17.96 

Regnault.    H.     * 

Cuprous       " 

CuCh 

13827. 

13-69 

« 

Zinc             « 

Zna,. 

13618. 

18.55 

Magnesium  " 

MgCl, 

19460. 

18.39 

«             « 

191. 

18-14 

Kopp.    84 

Mercuroua   « 

HgCl. 

0495. 

Hermann.Gm.H.I 
Avogadro.    6. 

«           11 

05205. 

12.26 

Eegnault.    11. 

Mercuric       " 

Hga,. 

0715. 

Hermann.Gm.H.I 

069. 

18.70 

Avogadro.    6. 

1.           11 

06889. 

18.67 

Eegnault.    11. 

<■ 

064.     CrysOUiied.!    17-34 

Kopp.    34. 

Pliosphorus    tri- 

chloride. 

PClj. 

20922. 

28.07 

Jegnault.    11. 

2017,  f-io."  ■ 

27-73 

\  Eegnault.    13. 

11           ■< 

1987.  io"-i5° 

27.32 

1991,  I5°-20.'' 

27-35    L 

Arsenic         " 

AsClj. 

17604. 

31-95 

Eegnault.    11. 

Carbon          « 

a  CI,. 

178,  i8°-37.° 

42.19 

Kopp.    34. 

«             tetra- 

chloride. 

CCl.. 

207202,  so." 
2095947,  40.° 
211533.  SO." 
2133591,60.= 
2149066,  70.° 
2,6259s,  So.- 

31-91 
32.28 
32.58 
32.88 
33.10 
33-30 

"            " 

2177109,  90." 
2195151.100." 

33-53 
33.81 

Him.    J.  20.  56. 

u             « 

220726,  no." 

33-99 

.1            1. 

221S28,  120,° 

34-17 

..           « 

2236305, 130.'' 

34.44 

«            << 

2260645,  '4°-° 

34.9>; 

.1 

2291237,  150.° 

35.28; 

«                    B 

2327877, 160.° 

35.85. 

Silicon       " 

Bi  CI, 

1914,  s^-io." 

32-54 

B                    B 

1904,  io'-i5.= 

32-37 

Eegnault.    13. 

" 

1904,  15°-20.» 

32-37 
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SPECIFIC  HEAT  TABLES. 


1 

Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Titanium    tetra- 

chloride. 

TiCl^. 

19145. 
.8.0,  5=-lo.= 

36.76 
34.75 

Eegnault.     11. 

1802.  io'-is.° 

34-60 

Eegnault.    13. 

«           <• 

II 

1828,    15"-20.° 

3S-io 

Tin 

Sn  C!,. 

14759- 

33-37 

Eegnault.    11, 

14^1,  S°-io.°  ] 

36,95  i  r 

<(                 » 

1402.  lo'^-is." 

36,45  J  Eegnault,    13. 
36,8^1  1. 

1416,  is^-ao." 

«       diciiloride. 

Su'c], 

10161. 

19,20 

Kognault.    11. 

Zinc    potassium 

chloride. 

Zn  CI,.    2  K  CI. 

152.  Crj-sUlHied- 

43- 3S 

Kopp.    34. 

Tin      potassium 

chloride 

SnCl,.    2KC1. 

133- 

44,9s 

Potassium     pla 

tmchlonde 

Ft  C!,.    2  K  C!. 

113. 

55,22 

Sodium  bromi  1^ 

Ka  Br, 

13842. 

14,26 

Eegnault.     11. 

Potissiuni    « 

K    Br. 

11322. 

13-47 

biher           » 

Ag  Br. 

07391. 

13,90 

Lead 

PI.  Br,. 

.05326. 

'9-55 

Sodium     iodide 

Kal. 

.0S684. 
.0881. 

13,03 

Eegnault.     11. 
Schiiller,     37. 

Potassium     « 

K  I. 

.0657. 

Herm!um,Gm,H.I 

.08.9.. 

'3.6c 

Eegnault.    11. 

Silver 

Ag  L 

.06159. 

14,47 

Lead 

Pb  I,. 

.04267. 

19,67 

II 

Cuprous         " 

Cu  I. 

,06869. 

13,0c 

« 

Merourous     " 

HgL 

.03949. 

12,9 

« 

Mercuric        " 

Hgl, 

,04197- 

19,0 

"                 n 

=iGoogle 


SPECIFIC  HEAT  TABLES. 


III.    Inorganic  Oxides, 


:Mo 

■ 

Name. 

Formula. 

Specific  Hea 

'■    Heat. 

Authority. 

Water. 

H.,  0. 

l.o,  o"-!." 

18.00 

Standard  of  com- 

1.0002,0^-10 

'       18 

00 

[pariaon. 

1 .0005,  0°-20 

"       18 

Compare      with 

1.0009,  o'-so 
1.0013,  o°-40 

"        18 

Bosscha.    P.  A. 

oz 

Jutielbaiid.1874. 
p.  549. 

Kooi;,  o''-5o 

°        18 

03 

1,0023,  o^-So 

18 

04 

Eegnault.     19. 

1.0030,  o^-zo 

°        18 

05 

1.003;,  o°-8o 

18 

06 

1.0042,  O^-CjO 

"       18 

07 

1.0050,  O^-IOO 

"        18 

09 

For  other  series 

1,0058,  o=-iio 

18 

10 

of     determinar 

1.0067, O°-l20 

°\     18 

12 

tioiia  for  water, 

« 

1.0076,  o°-i30 

"       18 

'4 

see  Him,  C.  R. 

1.0087, o''-i40 

°        18 

16 

70.592;     Jamin 

1.0097,  o°-i  50 

°        18 

'7 

and      Amatiry, 

1.0109, o°-i6o 

"        18 

20 

C.    B.    70.661; 

1.0121,  o°-i70 

'       iS 

22 

and    Pfoimdler 

1,0133,  o°-i8o 

"       18 

24 

and  Platter,  P, 

1,0146,  o°-i90 

"       18 

26 

A.  140,  574,  and 

1,0160,  o"-2O0 

IS 

29 

P.  A.    141.  537, 

1.0174,  o''-2IO 

18 

3' 

1.0189,  0''-22O 

"    18 

34, 

1.0204,  0''-23O 

°J    18 

37! 

Snow. 

5241. 

9  43 

GadoUii.       See  P. 
A.  90.  511. 

Ice. 

5'3.  m.  of  5 

56. 

9.23 
10.08 

Detains.  14. 
Person.     P.  A.  05. 
439. 

505,-30°  too 

.        g.09 

'erson.  15. 

" 

504. 

9.07 

Person.    P,  A,  74. 
4.'i9, 

533- 

9-59 

Hess,     Forlsch  d. 
Pliya.  6.  611. 

Calcium  oxide. 

CaO, 

3000. 

12.15 

12.49 

LaToisier    &    La- 
place.   See  6. 
[Crawford.     See  6. 
Dalton.  Gm.H.L 

« 

179. 

10.02 1 

ivogaiJro.    6. 

Lead 

PbO, 

049. 

10 

93I 

Sadolin.     SeeC. 
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SPECIFW  HEAT  TABLES 

-5 

Name. 

Formula.          j 

Specific  Heat.  ' 

Molec                       . 
Heat.           Authority. 

Lead  oxklc. 

PbO. 

0544. 

12.13  Hermann.Gm.H.I 

« 

050. 

11.15. 

ivogadro.    6. 

" 

05089.    Fused,    j 

11.41 
".3S 

|E«gnanlt.    11. 

0553.      Powdu. 

12.33 

Kopp.    34. 

Red  lead. Minium 

rbj  0,. 

062. 

42.47 

Lavoisier  &  La- 
place. 

^ 

■■       . 

" 

oes. 

46.58 

Crawford  &Kii-- 

1 

„      „ 

„ 

059- 

40.41 

Gadolin. 

«      ii          " 

061!. 

4' -85 

Neumann,    4. 

072. 

4932 

Avogadro.    6. 

Chromic  oxide. 

Cr,  O3. 

196. 

29.99 

Neumann.    4. 

2126, 

32-53 

Herman  n.Gm  .H.I 

«                      B 

<L 

17960. 

27.47 

Eegiiault.    11. 

a 

177.    Crystilli-ie. 

27.08 

Kopp.    34. 

Manganese  mon- 

oxide. 

MnO. 

15701. 

ii.15 

Eegnanlt.    11. 

»       dioxide. 

Mn  0,. 

191.       Pyroluiite, 

16.62 

Avogadro.    C. 

159. 

13.83 

Kopp.    34. 

Mangano  -  man- 

ganic oxide. 

Mn,  0,. 

165I. 

37.80 

HeTmann.Gm.H.I 

Ferric  oxide. 

Fe,  0,. 

3500. 

Crawford.  See  Gilb. 
Ann.  5,  4-'). 

B 

.167. 

26.72 

GadolJn.     See '6. 

« 

.163.    Jnielhods. 

27.07 

k'oumann     4 

27.08 

.         « 

.166.     HcmaliK. 
.213. 

26.56 
34.08 

I 

Avogadro.    6. 

« 

16695.    Specular.! 

26.71 

„ 

17569. 

-fc 

28.11 

.< 

I7I67. 

lili 

27.46 

Reguault.    11. 

„ 

16921. 

Jls 

27.07 

„ 

16814. 

26.90 

.154.       SpccuW. 

24.64 

Kopp.    34. 

Ferroso -ferric 

oside. 

Fc,  0,. 

.164,. 

38.07 

Neumann.     4. 

M 

.16780.   Msgnelite 

38.93 

Regnault.    11. 

„ 

.,S6. 

36.19 

Kopp.    34. 

Nickel  oxide. 

NiO. 

.16S34.                 1 
.15885.     Issued,/ 

12.13 
11.87 

1  Regnault.    11. 

Cuprous  " 

Cu,  0. 

.1073.        Cuprite. 

15.87 

Neumann.    4. 
Kopp.    S4. 

Cuprie     » 

CuO. 

.227. 

Crawford.    See  6. 

.137. 

10.89 

Neumann.    4. 

..46. 

11.6 

Avogadro,    6. 

.14201. 

ii.29'EegtiaTiH.    11. 
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SPECIFIC  HEAT  TABLES. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

Authority. 

Uranoua  oxide. 

UO. 

.106. 

14-40 

Neumann.    4. 

H 

.0764. 

10.39 

Hermann  .Gm .  H .  I 

PitdiblGBUc. 

Uj  0^. 

.106.    Bycooling.J 

43-38 
44.94 

1  Neumann.    4. 

Zinc  oxide. 

ZnO. 

-137. 

11.12 

Crawford.    See  0. 

" 

.132. 

10.72 

Neumann.    4. 

(.          « 

.1488. 

I2.o8 

Ilermann.Gni.H.I 

II          « 

" 

.141. 

11.45 

Avogadi'o.    6. 

.I24S0. 

ro.13 

Eegnault.     11. 

Miigno^ium  « 

MgO. 

.[696. 

11.04 

Neumann.    4. 
Hermann  .Gm.H.I 

■24344- 

9-74 

Eegnault.    11. 

Mercuric      « 

HgO. 

.0501. 

10.82 

Lavoisier    &    La- 

|_  place.     Bee  6. 

'1 

.049. 

" 

.o;o. 

10.80  Avogadro.     6. 

OS  1 79- 

u.igEegnault.    11. 

053°-    CrysLaUioe 

ii.45;Kopp.    34. 

Molybdennm  tri- 

oxide. 

Mo  0,. 

13340- 

19.05  Eegnault.    11. 

" 

^^S-^-lT^hiEh? 

23.51  JSchafarik.  Wien 
21.64  1     Ak.  47.  246. 

" 

1 504- J 

154.    (f)  Powder, 

22.i6Kopp.    34. 

Tungsten 

\\  O3. 

i6.75:Heimaim.Gm.H.I 

« 

07983. 

18.52  Eegiiaiilt.    11. 

B                       <( 

« 

0894.    (!)  Powder 

20.74  Kopp.    34. 

Aluminum  oxide 

A],  O3. 

185. 

19.01  Gadoliii,    SeeC. 

1963-    Artificia]. 

20.18  Hermanii.Gm.H:.I 

1973-    Sapphire./ 

19-96  f,^ 

20.27  1^^"»^™-    ■*■ 

"               " 

200.    Precipiiaud. 

20.56  Avogadro.    6. 

I9762.Cotunduml 
21732-  S^pphEra.} 

^°;^J  {Eegnault.     11. 

Cerium           « 

Co,  O3. 

0984. 

22.83'Hermami.Gm.H.I 

Yttrium 

YO. 

'347- 

Gluciimm       - 

GiO. 

2637. 

'     \        «            „      M 

Boron    tri  oxide. 

B,0, 

23743- 

16.62  Eegnault.     11. 

2341.    Fused. 

16.39' Nenmaiin.    S3. 

Vanndium    i< 

Y,  0,. 

1936. 

29.23 

1918, 

28.96^ 

Scliafarik.  Wien 

" 

2049- 

30-94 
30.23 

Ak.  47.  246. 

Arsenic          " 

As,  0,. 

1319- 

26.i2:Hermanii.Giii.H.I 

141. 

27.91'Avogadro.    6. 

" 

12786. 

25.32,  Eegnault.    11. 

"                 " 

1309.     Whils.    1 

25.92  fDelarive  &  Mar- 
26.13II     cet.    10. 
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SPECIFIC  SEAT  TABLE. 

27 

— ~ . ~" — 

iMolec 

Name. 

Formula. 

Specific  Heat.  JHeat. 

Authority. 

Ai-aenic  tiioxidc. 

As,  0,. 

Z}-^- 

IScliafarik.  Wien 

1     Ak.    47.  246. 

Antimony     " 

Hh,  O3, 

130. 

IJeumann.    4. 

09009. 

26.31 

Eegniiult.     11. 

„ 

0926. 

27.04 

Nenniann.    33. 

11       tetroxide. 

Sb,  0,. 

°9535. 

29-37 

Bcgnftult.    11. 

Bismuth  trioxide 

Bi,  0^. 

06053. 

28.33 

Eegnatilt.    11. 

Silicon    dioxide. 

SiO,. 

195.      Agate. 

11.70 

Crawfoi-d.    See  6. 

I 

i883.1gii=ru 
1 894.  J      '^''■ 

11,30 
11.36 

\  Neunmim.    4. 

n                   a 

„ 

1719.    Qi.am, 

10.31 

Hermann.Gm.H.1 

179- 

10.74 

Avogadro.    6. 

„ 

19132. 

11.48 

Eegnault-     11. 

1S6.    Quartz. 

ii.ifilCopp.    34. 

Titanium       " 

Ti  0,. 

17:4.     Rwile. 

,4.,4^'enmann.     4. 

„ 

1630.           " 

i3.36|Hennuuii.Gm.H.I 

: 

17032.        ..          1 
I7l64.Arlificial.J 

13-98 
14.07 

1  Eegnault.    11. 

157.     Rutik.        1 
161.    BrooUle. 

12.87 
I3.20 

{kopp.    84 

•^«5-iA„i«.^l 

14.64 

Scliullei-     &    V. 

1779- J 

14.59 

Wartba.    4(5. 

1737.    Rulile. 

14.24 

Tin*  monoxide. 

SnO, 

095. 

12.86 

Crawford.    See  6. 

.094. 

13-59 

Avogadro.    6. 

.    dioxide. 

Sn  0,. 

.^6. 

14.40 

Crawford.    See  6. 

.0990. 

14.85 

Craivford.SeeGilb. 
Ann.    5.  43. 

.0895.      ]  1  0  .- 
.0965-1      |-| 

.0931. J     Jho   6 

13.42 

14.47 

Neumann.    4. 

« 

13.96 

'■ 

.0900.     Tinstone. 

13.50 
16.65 

Hermann.Gm.H.I 
Avogadro.    6. 

„ 

.09326. 

13-99 

Eegnault.    13. 

" 

.0894.    Tinstone. 

13-40 

Kopp,    34. 

Chromite, 

Fe  0  Cr,  O3. 

.159. 

35-77 

Kopp.    34. 

Spinel. 

Mg  0  Al,  Oj. 

.194. 

27-7^ 

Kopp.     34. 

Iseriiie. 

.1762. 

.177. 

Kopp.'    34. 
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SPECIFIC  HEAT  TABLES. 


IV-  Inorganic  SuLrniDEs,  Aesenides,  akd  I<"iteides. 


Name. 

PO^U... 

Specific  Heat. 

Molec 

Heat. 

Authority, 

Silver  sulphide. 

Ag,S. 

.07460. 

18.50 

Eegnault.     11. 

Selenium     n 

SeS. 

.1374. 

14.21 

Ditte.      A.    C.    P. 
103.  187. 

Lend 

PbS. 

.044.    By  mixture.] 
.053.    BycwlingJ 
.0527. 

10.52 
13.66 
'3-79 

J  Neumann.     4. 
Hermann.Gm.H.I 

<i 

.046. 

10.99 

Avogadro.     6. 

" 

.0508O. 

12.16 

Eegnault.    11. 

.0490.     GalEna. 

11.71 

Kopp.    34. 

Iron  monosulph- 

ide. 

FeS. 

.1396,  5°-r5-'' 

12.28  Dctavivc    &   Mar^ 

cot.    10. 

■I3570. 

i!.94JEcgnault.    11. 

Iron  disulphide. 

FeHj. 

.1275., 

■I3IO.      Pyri^, 

15-30 
15.72 

«             .1 

.1323J 

15.87 

Neumann.     4. 

« 

.I332.'l  Marca- 

15.99 

" 

.1283.1    si«-     . 

■'35- 

'S-38 
16,20 

Avogadro.     fi. 

<i 

.13009. 

15-71  Epgnault.     11. 

,126.     Pyrit.. 

i5.i2lKoi,p.    24. 

PjTrhotite. 

Fe,  S,. 

■!533. 

99-34  K-euniiinn.     4. 

.16023. 

103,83  Regiiault.     11. 

Nickel  sulphide. 

NiS. 

.12813. 

n.63 

Cobalt 

Cos. 

,12513. 

11.35         « 

Cuprous      rr 

Cu,  S. 

.12118. 

19-27 

.120.     CT.prke. 

19.08  Kopp.    34. 

Molybdenite. 

Mo  S,. 

.i067.Bynmure.-j 

17-06  fjj                    . 

.102.     EvcMlLng,] 

16.31!! 

■iOQ7,  5°-i5-° 

17-54  I^elnrive    &  Mar- 
j     cct,     10. 

[( 

■12334- 

19.72  Eegnanlt.     11. 

Zinc  snlph 

de. 

ZiiS. 

.113.    ]Eym.,ar. 

70.98  \  Xcumami.    i. 

" 

.112.    BycooUDg. 

10.89 

L 

.12303. 

n.96 

Eegnault.     11. 

.120,    Bkndt. 

11.66 

Kopp.    S4. 

Mercuric 

Hg's. 

.0520.    Cinnabar. 
.0528. 

12.06 
12.25 

Neumann.    4. 
Hermann  .G  m  .H.I 

" 

.048. 

11.14 

Avogadro.    6. 

" 

0597,  S'-'S." 

■3-85 

Delarive    &    Mar- 
cet.    10. 

05117. 

11.87, Regnatilt.     H- 
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SPECIFIC  HEAT  TABLES. 


Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Mercuric  sulph- 

ide. 

HgS. 

0517.     Cirnabsr. 

11.99K-OPP.     !i4. 

Arsenic  disulph- 

ide. 

As,  S,. 

in.   i!rmt..Tir=.   1 

30.       By  cool[rg.      J 

23-7S  1 
27.83  L 

Neumann.     4. 

.1      trisulph- 

idc. 

As,  S,. 

1132- 
105. 

27.85  Neumann.    4. 
27.85  Hei-mann.Gm,H.I 
25,73  Avogadro.    ^■ 

Antimony  •■< 

Sb,S3. 

0907.-]  Stibnitc.       1 

30.83 

0877-                           I 

29.82 

Neumami.    4 

083.      By  mixture 

28.22 

092.     By  coding.        J 

3'-28 

0995. 

33-83  I 

lermann.Gm.H-I 

I            I 

12S6,  s-'-iS-" 

43-72 

ielarive    &    Mar- 
cet.    10- 

08403- 

38.57 

Tegnault.    11. 

Bismuth      « 

Bi,  Sj. 

0600a. 

30-97 

iegtiault.  H. 

Carbon   disnlph- 

idc. 

CS, 

1969. 
329- 

2179,  S^-io"        ~\ 

16.56 

Hermiinn.Gni.II-I 
Jelarivc    &    UiiT- 
cet.    10. 

[ 

„ 

..83,10-15". 

16.59 

i  Ecgnault,    13. 

2206,I5"-20°.         J 

16.76 

« 

23878,   30". 

1S.15 

„ 

.1 

242594.  4°°- 

18.44 

„         „ 

246143,  50°. 

18.71 

248967,  &Q°. 

18.92 

-352141,   70". 

lg.l6 

.355309,  8o^ 

19.40 

*         « 

,258496,  90°. 

19.65 

Hirn-  J.   20.  56. 

.262172, 100=. 

19,93 

., 

.264901,  110°. 

20.13 

<i 

.268137.    I20°- 

20.38 

« 

.271404.  .30°- 

20.63 

.• 

.276782,  140°. 

21.04 

.382 I9S.  150°. 

21-45 

« 

.288195,  ife"- 

21.90 

" 

.2575,  4U7-;°S8 

19-57 

.2603,  S''89-6?27 

19.78 

" 

.3567,  4°57-6?oi 
.2596,  5?27-6°59 

19.51 
19.73 

Winbelmanii-44 

.2595,  i6°o8-i7"5o 

19-72 

<i 

.2618,  i7''40-i8°62 

19.89 

" 

.2607, 17=42-18=55 

19.81 
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SPECIFIC  HEAT  TABLES. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat 

Authority, 

Tin  monosulph- 

ide. 

11     disulphide. 

SnS. 
SnS,. 

.08365. 
.11932. 

12-55 
20.73 

Ecgiianlt.     11. 
Kegiiault.    11. 

Chalcopyrite. 

CuS.FeS.FeSj. 

.1289. 
.131. 

39.12 
39-76 

^'eumaim.     4. 
Kopp.    3-1. 

Mispickel. 
Cobaltite. 

Fe  8,.    Fe  As,. 
Co  a,.  CoAs;. 

.  1070. 

32.99 
3546 

Neumann.    4. 
Nueniann.    4. 

Smaltite. 

(Co  Ni  Fe)  As,. 

.0920. 

Neumann.    4. 

Titanium  nitride 

TiN,. 

.2267,  ioo°-o=. 

17.68 

Suhiiller  &  V.  War- 
tha.    46. 

V.  Inorganic  Hydeates, 


Name. 

Formula. 

Specific  Heat 

iMolecl 
Heat.l           Authority. 

Iodic  acid. 

HIO3. 

.162s. 

38.6c.'Ditfc.    A.  0.  Pliva. 

Potnssium      hy 

(4).  21.  63. 

dr.at«. 

K  JI  0. 

.358. 

H,.  SO.. 

.3500. 

34.30  Dalton,  Gm.  H.  I. 

■349- 

34.20,  Delarive    &    Mar- 
cet.    10. 

.343.  SIMS". 

33-6riKopp.     16. 

■3315.  i7°-a2°- 

32-49. 

Mangnac.    A.  C. 

.3363.  so'-se".; 

Phys.(4).22.SS5. 

I 

■3413.  is"-??"- 

33-45 

Pfaundler.A.S.P. 

374o.i5°-i37? 

16.61; 

11            (1 

" 

355.  22°-8o°. 

34.79 

•• 

355,  aa'-go". 

34-89 

" 

358,  22''~roo=. 

35.08 

359,  aa'-iio". 

35.18 

11 

360,  32°-I2o''. 

35.28 

Pfatmdler.C-S.J. 

" 

" 

362,22''-i3o=. 

35.47 

(2).  9.  195. 

364,  22°-140''. 

35-67 1 

365,22=-i5o'>. 

3S.77i 

B                      <t 

" 

367.  22°-l6o''. 

35-97 

37o,22°-i7o'. 

^h7A 

H,  SO..  Hj  0. 

44",  20°-56.'' 

51. =7 

Vlarignac.     A.   C. 
Phys.[4.)22.3,S5. 
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SPECIFIC  MEAT  TABLES. 


iMalecl 

Name. 

Formula. 

Specific  Heat.     Heat. 

Authority. 

Sulplmrio  acid. 

H,SO,.  HjO. 

4478,  i4''-75-°' 

51 .94 

Pfauiidler.  A.  S. 
P.N.(2).S0.352. 

4527,  I5°-28.°| 

52.51 

444,  a^"-?"."   ■ 

51.50 

n 

447,  22''-80.'' 

51.85 

H 

450,  22°-90.° 

52.20 

« 

454.  as^-ioo." 

52.66 

„ 

458,  z2=-no.- 

53. '2 

461,  22''-I20.= 

53-47 

Pfaundler.  C.  S. 

4G5,  22°-130.° 

53.94 

J.  (2).  9. 195. 

469,  Bs^-i+a." 

54-40 

472.  22°-150.'' 

54-75 

« 

475,  aj'-ieo." 

55.10 

479, 22=^170.° 

55.56 

« 

482,  22°^!  80.° 

55-91 

H,SO,.  2H,0. 

4703.  i4°-7o.'' 

63-02 

Pfaundler.   A,  S. 

4703,  i5''-98.° 

63.02 

P.N.  (2).  30, 352. 

442,   22=-6o.° 

59.23 

■< 

446,  22'>-70.° 

59.76 

« 

.450.  22''-80.° 

60.30 

« 

.455,  aa^-go." 

60.97 

,459,  22°-l<X,.° 

61.50 

Pfaundler.    C.  S. 

.463,  22°-I10.° 

61.90 

J.  (2).  9. 195. 

.466,  Z2'>-I20.° 

62.44 

„ 

.470,  22°-I30,° 

62.98 

„ 

,474.  23''-I40-° 

63.52 

„ 

.478,   22=-I50.'' 

64.06 

H 

.482,  22°-j6o.° 

64.60 

HjSO,.  5H,0. 

.5764.  is'-ig-" 

108.36 
109.66 

fMarignac.   A.  C. 

.5833.  2o°-S6-° 

lPhys.(4).22.385. 

Calcium  hydrate 

Ca  Hj  0,. 

Dalton.  Gra.  H.  I. 

.300. 

2Z.20 

Avogadro.    6. 

Miigiiesium  « 

Mg  II,  0,. 

.312.     Bcuoite. 

I3.IO 

Kopp.    34. 

Manganic     « 

Mil,  0,.  H,  0. 

.176.      Mansanit 

e.    30-98 

Kopp.    84. 

Ferric 

(Fej  O3),.  3  H,  0. 

.188. 

70.31 

Avogadro.    6. 

Aluminum  » 

AI,  0,.  3  Hj  0. 

.420. 

65.86 

Avogadro.    6. 

Nitric  acid. 

HNO,. 

.4450- 

28.03 

Hess.    Gm.  H.  I. 
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SPECIFIC  HEAT  TABLES. 
YI.  Chloiia-TIS  and  Perciilorates. 


"       "  " 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Potassium  chlo- 

rate. 

K  CI  Oj. 

.20956. 

2^.63 

RegnauH.    H. 

.194. 

21.7B 

Kopp.    34. 

Barium          " 

Ba  CI,  Oj.  H,  0. 

.15;. 

So-^S 

Kopp.    34. 

Potassium     per- 

chlorate. 

K  CI  0,. 

,190. 

26.33 

Kopp.    34. 

VII.  Hyposulphites. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

Authority. 

Sodium  hyposul- 

1 

phite. 

Ka^SjOj.  5H,0. 

,221. 

54,81, Pape.    32. 

Potaaaium  » 

K,  8,  O3. 

.197. 

37-47 

u               <i 

Barium        n 

Ba  S,  0,.  H,  0. 

.163. 

4T';2 

,<           » 

Lead 

Pb  8,  0,. 

.092. 

29-35 

" 

VIII.  Sulphates. 

1st.  ANHYDROUS  SULPHATES. 


Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority, 

Sodium  sulphate 

Ka,  S  0,. 

263. 
23115. 

37.34  Avogadro.    6. 
32.82 'Kegnault     11. 

« 

22S0. 

32.38 

Neumann.     33. 

227. 

33'23 

Kopp.     84. 

11                        B 

32.56 

Sehiiller.    37. 

Potassium  « 

K,  S  0.. 

169. 

29.44 

Avogadro.    6. 

«              « 

19010. 

33." 

Kegiiault.    11. 

i86o. 

JTeumann.    33. 

196. 

34-14 

Kopp.    34. 

"    bisulphatc. 

K  H  S  0.. 

244. 

Eopp.    84. 

Ammonium  sul- 

phate. 

(N  H,),.  S  0,. 

3=0. 

46.20 

Kopp.    34. 

Calcium        « 

Ca  S  0^. 

>69^'7Z'^2\ 

25.21 

22.08 

1  Neumann.    4. 

<i 

190. 

25.H4 

Avogadro.     6. 

19656. 

26.73 

Eegnault.    11. 
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SPECIFIC  HEAT  TABLES. 


Name, 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Calcmm    sulpli- 

ato. 

Ca  S  0,. 

178.     Anhydrite. 

24.21 

Kopp.     S4. 

Strontium      " 

Sr  S  0,. 

.130.  J 

24.88 
23.86 

I  Neumann.    4. 

.14279. 

26.20  Eegiiault.    11, 

.135.      Cd=..!™. 

24.77  Kopp.    34. 

Barium         " 

Ba  S  0,. 

.1083.    BariK.    -j 

25-35   ( 

(C                      « 

n 

.1071.        " 

^'^■95  J  Neumann.    4. 

«               « 

.1072.        11 

24.98] 

.1 

.  loOo,        '1 

24.70  L 

CC                           H 

« 

.11285. 

26.29  Eegnault.    11- 

.108.      BariM. 

25.16K0PP.    S4. 

Lead 

Pb  S  O^. 

,0848,     Ani^iM. 

25.69  Neumann.    4. 

B                                     « 

.08723. 

26.43  Eegnault.     11. 

« 

„ 

,0827. 

25.06  Kopp.    34. 

Manganous  » 

Mn  S  0,. 

.1S2. 

27.48  Pape.    29. 

Ferrous         « 

Fe  S  0,. 

22.04 

Avogadro.     6. 

Nickclous     « 

Ni  S  0,. 

.216. 

33.43 

Cu  S  0.. 

.180. 

2K.71 

Avogadro.    6. 

« 

.184. 

29.35 

Zinc              " 

Zn  S  0,. 

34-34!  Avogndro.     6. 

28.05;  Pape.    -3- 

Magnesium  " 

Mg  S  0.. 

Eudberg.  P.  A.  35. 
474. 

" 

.22159- 
.225. 

26.59 
27.00 

Eegnault.    11. 
Pape.    29. 

.2,65- 

2S.9M 

Neumann.    33. 

2d.  HTDBATBD  SULPHATES. 


— 

^'  - 

Name. 

Formula. 

Bpe 

cficHeat.   Heat. 

Authority, 

Calcium     sulph- 

ate. 

Ca  S  0^.  2H,  0. 

102 

Gypsum.           51.94 

Avogadro.    6. 

272 

?.        "                 46.92 

Neumann.    33. 

« 

259 

44.54 

Kopp.    34. 

Manganous  " 

Mn  S  0,.  5H,  0. 

3.fc 

81.46  Pape.    29, 

77.84|Kopp.    34. 

Ferrous         » 

Fe  8  0,.  7H,  0. 

99.25  Pape.    29. 

346 

96.19  Kopp.    34. 

Nickel  0U3     " 

Ni  8  0,.  H,  0. 

237 

4o.93|pape.    29. 

Ni  8  0,.  6H,  0. 

.313 

82.23IK0PP.    84. 

.1              « 

Ni  S  0^.  7H,  0. 

■141 

95,72, Pape.     29. 

Cobaltoua      « 

Co  S  0,-  7H,  0. 

-343 

96.28jKopp.     34. 

Copper 

Cu  8  0..  H,  0. 

.202 

35.85]Pape.    29. 
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SPECIFIC  HEAT  TABLES. 


Formula. 

Specific  Heat. 

Heat. 

Authority. 

Copper  sulphate. 

Cu  S  0,.  2H,  0. 

.212. 

41.46 

Pape.    29. 

Cu  S  0,.  3H,  0. 

" 

Cu  S  0^.  5Hj  0. 

.316. 
.285. 

78 

71 

B4 

Kopp.    84. 

Zinc              *i 

Zn  S  0,,  H,  0. 

16 

20 

Pape.    29. 

Zii  S  0^.  2H,  0. 

.224. 

44 

17 

« 

Zn  S  0,.  7H,  0. 

.328. 

94 

20 

X              u 

■347- 

99 

66 

Kopp.    34. 

Magnesium  ir 

Mg  S  0,.  11,  0. 

.265. 

lb 

17 

Papc.    29. 

" 

Mg  S  0^.  7H,  0. 

.2906. 

Eudbet^.  P.  A.  35. 
474. 

.407. 

100.12 

Pape.    29. 

.363 

BQ.05 

Kopp,    34. 

Magnesium    po- 

tassium sulph- 

ate. 

MgK,(S0,),.6HA 

.264. 

!o6.i8 

Kopp.    34. 

Nickel   « 

NiK,(S0.),.6H,0. 

.245. 

107.01 

ti          0 

Zinc       « 

ZnK,(80,),.6HjO. 

.270. 

iiq.72 

«         « 

Potash  alum. 

AlK{80Jj.l2HA 

.371. 

176.04 

«          <i 

Chrome    " 

CrK(S0,),.12H,0. 

■324. 

161,87 

IX,  Chromates,  Permanganates,  Molybdates,  and  Tdng- 

STATIH. 


Molec 

Name. 

Formula. 

Heat. 

Authority, 

Potassium   chro- 

mate. 

Kj  Cr  0,. 

,18505. 

,=;6,03 

Regnault.    11. 

« 

,1840. 

-15,82 

Neumann.     33, 

« 

,189. 

tb.So 

Kopp.     84. 

Potassium       di- 

cliromatc. 

K,  Cr,  0,. 

-.8937- 

55'99 

Eegiiault.    n. 

,!S57. 

^6.25 

Neumann,     33. 

tt 

" 

.186, 

44.9  T 

Kopp.     34. 

Lead  chromate. 

Pb  Cr  0,. 

,0900. 

2q.II 

C(                « 

Potassium     per- 

manganate. 

K  Mn  0,. 

-179' 

28.30 

«            « 

Lead  molybdat«. 

Pb  Mo  0,. 

.0827,     Natural, 

30,3:^ 

Calcium    tunga- 

tate. 

Ca  W  0,. 

.0967 

27.85 

Wolfram. 

(FeMn)  WO,, 

.09780, 

|Eegnault.     11. 

" 

.0930. 

(Kopp.    84. 
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SPECIFIC  HEAT  TABLES. 


■ 

Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Sodium  borate. 

Ka  B  0,. 

25709. 

16.97 

Eegnault.     11. 

" 

2364. 

15.60 

Neumann.    S3. 

cc       diborate. 

Na,  B,  0,. 

^3823- 

48.12'RegnauU.      11. 

229. 

46.26K0PP.    34. 

Na.,B,O,.10H,O. 

.385. 

147.07      .. 

Potassium  borate 

KB  Or 

.20478. 

16.81  Eegnault.    11. 

«   diborate 

K.B.O,. 

.21975. 

51.47         „ 

Lead  borate. 

Pb  B,  0,. 

,09046. 

36.50I        11             « 

«    diborate. 

Pb  B,  0,. 

.11409. 

41.41 

" 

XI.    NiTBATtH. 


Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Sotlium  nitrate. 

NaNO^. 

240. 

20.40 

Avogadro,    6. 

„ 

27821. 

23.65  Eegnault.     11. 

« 

2747. 

23.3S:Neumann.     33. 

" 

256.  Fused.      1 

257.  .Cryslals.    1 

21.76 
21.84 

{Kopp.    34. 

a 

2650. 

21.52 

SchiJller.    37. 

4i3,330°-43o°L- 

35-'o 

Person.    15. 

« 

3975,32o°-430°" 

33.79  Person.  P.A.74. 509 

Potassium       ni- 

trate. 

K  NOj. 

269. 

27.19 

Avogadro.    6. 

23875. 

24.14 

Eegnault.     11. 

« 

2343- 

23.6q 

Neumann.    33. 

" 

256.    Fused.           \ 
.257-   Crjswis.      J 

25.88 
25.Q8 

1  Kopp.    34. 

a 

■344.35o°-435°L. 

34.78 

Person.    15. 

.33186,350^435°' 

33.5S 

Person.P.A.74.&09 

Sodium    potassi- 

um   nitrate. 

K  KO3.  Na  NOj. 

■235- 

43.73 

Kopp.    34. 

Ammonium    ni 

trate. 

NH..NO,. 

36.40 

Kopp.    34. 

Silver  nitrate. 

AgNO,. 

.14352. 

24.40 

Eegnault.    11. 

«                 n 

■1395- 

23.71 

Sr  N,  Oj. 

.1683. 
.181. 

35-59 
-18.2S 

Hermnnn.Gm.H.I 
Kopp.    34. 

Barium       >- 

Ba  N,  Oj. 

34.82 

Hermann.Gm.II.I 

.15228. 

39-7 

Eegnault.    11. 
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Barium  nitrate. 


I3a  Wj  Oj 
Pb  N,  O5. 


Authority. 

4.  Neumann.    33. 
4  Kopp.    34. 
3  Neumann.     33. 
36,41  Kopp.    34. 


38.94  K 
37.84  K 


XII,    Phosphates,  Arsenates,  and  Niobatbs. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat 

Authority. 

Sodium      m  eta- 

phosphate. 

Na  r  O3. 

.217. 

Kopp,    34. 

Sodium       pyro- 

phosphate. 

Na.P,0,. 

.22833- 

60.74 

Regnault.    11. 

Sodium       phos- 

phate. 

Na^IIPO,  121-1,0. 

,454,-20.  tO+2°l 

.758.44"— 79°-  / 

167,07 

1  Person,    15. 

Potassium  pyro- 

phosphate. 

K^  P,  0,. 

.19102, 

63,1. 

Eegnault.     11. 

Potassium  phos- 

phate. 

K  H,  P  0.. 

.z8o. 

3S,Tr 

Kopp.    34. 

SUverphosphate. 

Ag,  P  0.. 

,o)!96. 

Kopp.    34, 

Calcium     m  eta- 

phosphate. 

Ca  P,  0,, 

.19923. 

3945 

Eegnault.    11. 

Apatite. 

3Ca3P,  0,  CaClj. 

.1787. 

iR6,o^ 

Hcrmann,Gm.H.I 

Lead   pyrophos- 

phate. 

Pb,  P,  0,. 

.08208. 

Eegnault.    11, 

Lead  phospliate. 

Pbj  P,  0,. 

.07982. 

64-73 

Eegnault.    11. 

Potassium    met- 

arsenate. 

K  As  0,. 

.15631. 

25.34 

Eegnault,     11. 

n       arsenate. 

K  H,  As  0^. 

Lead 

Pb,  As,  0,. 

.07280. 

65.45 

Eegnault.    11. 

Samarskite. 

.roo66,t«r„rc;gn.| 

(H.  Eose.      P.  A. 
1     103,323. 

" 
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XIII.  Carbonates. 


Molecl 

Name. 

Formula. 

Specific  Heat. 

Heat.           Authority. 

Sodium   carbon- 

ate. 

Nil,  C  0,. 

1,06. 

32.44 

Avogadro.    6. 

37275- 

28.91 

Eegnault,    11. 

« 

« 

246. 

26.08 

Kopp.    34. 

Potsisaium     " 

K,  C  O3. 

237. 

32.75 

Avogadro.    6. 

21623, 

29.88 

Regnault.    11. 

2046. 

28.28 

Neumann.    33. 

" 

206. 

28.47 

Kopp.    84. 

Rubidium     o 

Ell,  C  O3. 

123. 

28.391K0PP.     34. 

Calcium        « 

Ca  C  Oj. 

256. 

25.60  Crawford.    See  6. 

a 

207. 

20.70  Gadolin.    See  6. 

I               " 

2700. 

27.ooDaltoii.  Gm.  H.  I. 

., 

2091.         CalcLte.      By 

20.91 

2^6.          »i--. 

20.96 

.2046. 

20.46 

Neumann.    4. 

.195.  Calciic.  By  cooling. 

19.50 

.1966.1  ArragomK. 

ig-66 

.201  8.  J  By  mulUM, 

20.  IS 

'[ 

.203.      Ma.hk. 

20.30 

Avogadro.    6. 

« 

1945.      C^ldK. 

'9-45 

Hermann .  Gm .  H.I 

20858.     Caldli. 

20.86 

20850.      Arragonite, 

20.85 

2l58;."lMarbIe.     TivD 

21.58 

Eegnault.    11. 

20989.  J      ''i"d=' 

20.gy  1 

« 

21485.    Chalk. 

21.48J  I 

„ 

2038.1    Ex,rc^=,    of  ,9 

^"■^^iJKegnauit.     30. 

" 

206.     Caldto.                    ] 
203.      Ar^agonltt.          J 

if  {K.PP. ».. 

Strontium     " 

Sr  C  0,. 

1445- 

21.31 

Nemnaim.    4. 

14483. 

31.36 

Eegnault,    11. 

Barium         'i 

Ba  C  0,. 

1078.    WLthoiK. 

21.24 

Neumann.    4. 

..               .1 

,< 

1 1038. 

21.74 

Eegnault.    11. 

Lead 

Pb  C  0,. 

0814.    CeniBsile. 

0818. 

21.73 
21.84 

Neumann.    4. 
Hennann.Gm.H.I 

08596.    Impure. 

22.95 

Eegnault.    11, 

0791.    Cem55ite. 

Kopp.    84. 

Ferrous         « 

Fe  C  O3. 

1820.      Cym!>Lll,.e.        1 
183.      Byccoli„g.            J 

21.23 

f  Neumann,    4. 

«                           H 

19345- 

22.44 

Regnault.     11. 

„ 

166.     v«y  inipLire. 

|Kopp.    34. 
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Zinc  carbonate. 
Dolomite. 


Zii  C  O3. 
(Mg  Ca)  C  Oj. 


.22fO.  Bitter 
.2168.  Gurh. 
.21743-Very 


Eegnault.     11. 
Kopp.    34. 


XIV-    SlI^ICATES. 


--" 

Molec 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Glass. 

1900.  Flidtgl 

1770,  d'-ioo 

■J 

Dalton.  Gm,  H  I. 
f 

« 

1900,  o'-yxi 

1  Dulong&  Petit.  1 

n 

19768. 

Eegnault.    7. 

11    Glass  teara. 

1923.   Hard. 

.} 

f 

1937.    Ainfale 

1  Eegnault.    13. 

Zircon. 

Zr  0,.  Si  0,. 

I4S8S. 

.132 

26.50 
23-97 

Eegnault.     11. 
Kopp.    34. 

Chrysolite. 

(MgO.FeO)^SiOj. 

.2056. 
.189. 

Neumann.    4. 
Kopp.    34. 

Pyrope. 

.1949- 

Neumann.     33. 

Topaz. 

.2017. 

Neumann.    4, 

Dioptase. 

CuSiO,.  H.O. 

182. 

28.66K0PP,     34. 

Wollastonite. 

Ca  Si  O3. 

178. 

20.65 1  Kopp.     34. 

Albite. 

.96'. 

190. 

Neumann.     4. 
Kopp.     34. 

Orthoolase  (Fel- 

spar). 

igll. 
183. 

} 

\  Neumann.     4. 
Kopp.    34. 

Labradorite. 

1926. 

Neumann.    4. 

Hornblende. 

1976.   F.-omt%, 

1 

\  Neumann.    4. 

Tremolite. 

2070. 

Neumann.     4. 

Actinolite. 

2046, 

Angite. 

1933. 

Biopside. 

Ca  Si  O3.  Mg  Si  Oj. 

,906. 

41,17 

186. 

40.17 

Kopp.     34. 

Zoiaite. 

1940. 

Neumann.    4. 

Gadolinite. 

13g.B=forelgmli 

1 

|H,Eose,r.A.M3. 
[    p.  316  A   318, 

" 

1 28. Aft"        ■■ 
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XV.    Alloys. 


■- 

— 

Moled 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Lead  and  mercu- 

ry. 

Hg   Pb. 

03234. 

13.16  Eegnault.    11. 

Lead  and    anti- 

mony. 

Sb    Pb. 

038S3. 

12.78 

"             " 

Lead    and     bls- 

niuth. 

Bi,  Pb,. 

0350.    L.mdt.d 

51.03  Person.P.A.76.426. 

Lead     and     tin. 

Sn    Pb. 

04039. 

13.13  Eegnault.     11, 

Sn,  Pb, 

04461. 

19.76 

Mercviry  (■        " 

Sn   Hg. 

04172. 

13.27 

11              <i 

Sn,  Hg. 

04563. 

19.89 

Bih^mntii »        " 

Sn     Bi. 

03987. 

13.0S 

«              « 

Hn,    Bi. 

04415- 

19.69 

Siia  Bia- 

0456.  J 

71,14 

"Person.  P.  A.  76. 
,    4^6. 

n            "          " 

71.77 

Brass. 

09391. 

Eegnault.     7. 

Cymbal  metal. 

.0858.  Erittk.      1 
.0862.  Soft.          J 

1  Eegnault.     13. 

German   silver. 

.0944- 

Weber.  P.  A.  146. 
257. 

Lead,     tin,    bia 

Pb  Snj  Bi. 

,04012. 

26.20 

Eegnault.    11. 

<i              0         a 

Pb  Sn,  Bi,. 

■03785. 

33.66 

Eegnault.    11. 

Pb^  Sn,  Bij, 

.046,  HS'-SSO" 

60.10 

Person.    15. 

I    ;; 

" 

,0432.  J 

53-Si 
56.42 

Person.      P.     A. 
1    76.  426. 

Pb.  Sn,  Bij. 

.049.  i^'-so". 

94-57 

V                    «            t 

.060,  H^-So". 

115.80 

Person.     15. 

.047,107^-136° 

90.71 

„ 

.O36,i36"-3O0° 

69.48 

:    :  : 

- 

.0392.  J 

74-3° 
75.66 

Person,  P.  A.  76, 
426. 

Antimony,     bis 

muth,  tin. 

Sb  Bi  Sn,. 

.04564, 

25.92 

Eegnault,     11, 

Antimony,     bis 

mutli,  tin,  zinc 

8b  Bi  Sn,  Zn,. 

.05479- 

38.32 

Copper,      tin,  I 

83.5    per   cent. 
Cu;     8.833  Sn; 
7,51  Zn. 

.0879.  Alfiret,    "1 
084S.   ^'^^i 

[Mallet.  P.M.  (3). 

1  ^"«- 
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XVI.  Cyanides. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

Authority. 

Mercuric       cya- 

nide. 

Hg  Cy, 

.100. 

Kopp.     34. 

Potassium     zinc 

cyanide. 

(K  Cy),  Zn  Cy,. 

.241. 

«    ferrocyanide. 

K,  Cvj  Fe.  SHj  0. 

.280. 

IIR.27 

«    fen-icyanide. 

K  Cy,  Fe. 

■233- 

.6.3 

«       . 

XVII.  Hydrocarbons. 


Naphthaline. 
Oil  of  citron. 


1     "   orange. 

«     «  juniper. 
Camphilene. 
Terebilene. 
Terebene. 


■3933, 
.450,  19' 
.5250.  3' 
■5257.  4^ 
5272,17 
5296,17 
32075,0 
,3249,20' 
.4176,80' 
4879. 
.4489,  s° 
.4424.10' 
,4501,1s' 
50233. 


.4656. 
54.  S"-- 


;267,!5''-2o?J 
52409. 


37.oS|Delarive&Miircct. 
3'.i9   [  [10. 

3o-i5'JKcgnault.  13. 
30.67  I 


'65-i8.°89. 
°95-i9.°o6. 


Kopp.    IG. 


Alluard.    A.    C. 
[rhys.(3).S7.438. 

Eegnaiilt.    13. 

Pavre  and  Silber- 
maiin.C.E.23.411. 
Eeguault     13. 


8  Favre  and  Silber- 
mann.C.E.23.411. 
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Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

Authority. 

Oil  of  turpentine. 

Cio  H,j. 

4880. 
4620. 
43593- 
4S8, 

66.37 
62.83 
57-93 
66. -i? 

Kirwan.  Gm.  H.  I. 
Despvetz.       " 
Elegnault.  8.     [10. 
Delarive&Marcet. 

- 

4672. 
46727- 

63-54 
63-55 

Eegnault.    13. 
Fftvre  and  Si]l>er- 
maiin.  J.  6.  78. 

"         " 

" 

4318.J 
440. 

61-43 
58.72 
59.84 

(Schnidaritsch. 
1  Wien.Ak.S8.39. 
Pape.    29. 

4393,  m.  of  4.1 
4o87,m,ofi2.J 
46842116,40.°! 

59-74 
55.58 
61.71 

Neumann.    33. 

E 

etrolene. 

52421905.80."! 

571 17195,120?  f 

61257810,160°] 

4321- 

4684.                 1 

71,29 
77.68 
83.31 
58.76 

Ilira.  J.  20, 56. 

Pfaundler.    A,    C, 
j-  rhys.{4).22.58. 

Naphtha. 

.4321,  S'-io-^i 
4325.io°-i5n 
.4342,iS"-20?J 
■493- 

Eegnault.    13. 

I                       [10. 
Delarive&Marcot. 

Paraffin. 

"^3^- [2  samples 

.419.  J 

.683,  m.  of  3. 

JKopp.    34. 

Bolley.J,r.P.103. 
481. 

XVIII.   Compounds  Containing  C,  H,  and  O. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

Authority, 

Methyl  alcohol. 

C  H.  0. 

.5901,   5''-Io''.  1 
.5868,  Io°-i5''. 

18.8S 
18.77 

Eegnault.    13. 

,6009,  15°-20''. 
.613,  m  of  2. 

19-23!  L 

19.61  Andrews.    C,  S.  J. 
1     1.  27. 

:    ;: 

.625,  23M3°- 
,67127. 

20.00  Kopp.    16. 

21.48  Favre  and  Silber- 

mann.  C.  E.  23. 

411. 

" 

" 

.58325- 

18.66  Dupre.    P.  A.  148. 
236. 

Ethyl 

C,  H,  0. 

.6620. 

30.45 

Despretz.Gm.H.I. 
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Name. 

Formula. 

Specific  Heat. 

Molec 
Heat 

Authority. 

Etbyl  alcohol. 

0,  II,  0. 

.632. 

.5987,  s"-'""- 

29.07 
27.54 

Delaiive  anil  Mar- 
cet.    10. 

a              « 

.6017,  lo'-is". 

27.68 

Eegiiault.    13. 

n               « 

« 

.6148.  is^-zo". 

28.28 

« 

" 

.617. 

28.38 

Andrews.  C.  S.  J. 
1.  27. 

<i 

.615,  23»-43'. 

28.29 

Kopp.    IS. 

"               « 

-6438. 

29.01 

Favre  and  Silber- 
mann.  J.  6.  78. 

« 

.64490. 

29.66'Favre  and  Silber- 

Jiiann.  C.  E.  23. 

411. 

.6219. 

28.61 

Schnidaritsch. 
Fortsch.  d.  rhys. 
15.  Sfi2. 

<l 

« 

.5748. 

26.44 

Neumann.    33. 

» 

.59167637.40° 

27.22 

.71125991,80° 

32.71 

»               « 

« 

.85941613,120' 

39-53 

Hirn.  J.  20.  56. 

«               « 

.1.11389145,160= 

5'-23 

" 

.580,  0". 

27.68 

Jamin  &  Amaury. 
C.  E.  70. 1237. 

« 

.60430. 

27.79  Dupr6&  rage.  38. 

II 

« 

.58081,  3''82-4=99. 

26.72 

«               « 

■57961,  4''4?-S'; 67. 

26.66 

B                    .1 

60004,  i6°33-i7=36. 

27.60 

" 

.60254.  i6"6i-i7»73. 

27.72 

Winkelmann.44 

n               (1 

« 

.62281,  27°29-28°32. 

28.65 

.1 

.62219,  27°23-28'!o3. 

2S.62 

'I               « 

« 

62307,  27°35-28!i8. 

28.66 

Amyl        I. 

C,  H„  0. 

564.  26''-44°. 

50.63 

Kopp.    16. 

n 

58728. 

51.68  Favre  and  Silber- 

mann.  C.  E.  23. 

411. 

Cetyl 

C„  H,.  0. 

51600. 

124.87 

Favre  and  Silbei^ 
mann.  C.  K.  23. 
411. 

Ethyl  oxide. 

C,  H,„  0, 

5200. 

38.48 

Despretz.Gm.H.I. 

"            " 

5  SO. 

40.70 

Delarive  and  Mai^ 
cet.    10. 

" 

5207,  5°-io°.            ] 

38.53 

■ 

" 

iiS8,io»-is°. 

38.17 

Regiiault.    13. 

" 

" 

5i57,i5°-20°.            J 
517- 

38.16 
38.26 

Andrews.  C.  S.  J. 
1.  27. 
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^—. — — — — - 

Moled 

Name. 

Formula. 

Specific  Heat. 

Heat. 

Authority. 

Ethyl  oxide. 

C,  H,,  0. 

50342. 
61965067,40=1 

37-25 
45-S5 

Favre  and  Silber- 
mann.  C.  E.  23. 
411. 

66128878,70° 

48-93 

Hivn.  J.  20.  56. 

71586594.100° 

52.97 

a                 « 

79512984,130° 

58.83 

Ainyl       « 

C,„  H,,  O. 

52117. 

82.34 

avre  and  Silber- 
mami.  0.  R.  23. 
411. 

Formic  ncid. 

c  ir,  0,, 

536,  25°-45°. 

24,66 

Kopp.    16. 

60401. 

27.78 

Fa%'re  and  Silber- 
mann,  C,  E.  23. 
411. 

Acetic      '1 

C,  H,  0,. 

4587,  S^-io".  1 

27.52 

4599.  lo^-iS"- 

27-59 

Eegnault.    13. 

u 

46  J  8,  i5''-20°. 

27.71 

(1               n 

,1 

509,  24'-45''- 

30-54 

Kopp.    16. 

" 

50822. 

30.49  Favre  and  Silber- 
]     mann.  C.  E,  23. 
411. 

Butyric  acid. 

C,  Ha  0,. 

.503,  2i°-45''. 

44.26  Kopp.    16. 

.41420. 

36.45lFavre  and  Silber- 

mann.  C.  E.  23. 

411. 

Valeric    « 

C,  H„  0,. 

.47857. 

58.81 

Favre  and  Silber- 
mann.  C.  E.  23. 
411. 

Ethyl  formate. 

0,  H,  0,. 

.513,  2o<'-39''. 

37-96 

Kopp.    16. 

" 

.485,  m.  of  3. 

36.29 

Andrews.  C.  S.  J. 
1,  27. 

Methyl  acetate. 

C,  H,  0,. 

.507,  2[°-41°- 

37.52 

Kopp.    16. 

Ethyl"       .> 

C,  11,  0,. 

.496,  21^-45°. 

43-65 

.474,  m.  of  2. 

41.7' 

Andrews.  C.  S.  J. 

1.  27. 

„ 

" 

,48344- 

42.54 

Favre  and  Silber- 
mann.  J.  6.  78. 

IMethyl  butyrate 

C,  II,„  Oj. 

.487,  2i''-4S''- 

49.67 

Kopp.    16. 

" 

.49176. 

50.16 

Favre  and  Silber- 
mann.    J.  6.  78. 

Methyl  valerate. 

Co  Hj,  0,. 

,49i.2i°-45°- 

56.96'Kopp.    16. 

Ethyl  oxalate. 

c,  n,„  0,, 

.4629.  5°-.io.° 
.452i,io°-i5-'' 

67.5? 

«           « 

66.0 

RegnauU.    13. 

-4554.  i5''-20.''. 

66,4c 

" 

■457- 

66.7 

Andrews.  C.  8.  J. 
1,  27. 

Acetone. 

C3  H,  0. 

.530,  2o=-4i-° 

30-7 

Kopp.    16. 
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SPECIFIC  HEAT  TABLES. 


Molecl 

Formula. 

Heat. !         Authority. 

Succinic  acid. 

C.  H„  0,. 

■3I3. 

36.93  Kopp.     34. 

Tartaric     « 

C^  H.  0,. 

.288. 

Eacemie    « 

C,  H,  0..  H,  0. 

.319- 

Cane  sugar. 

C„  H,,  0,1. 

,301,   CryslalHzcd. 
,343.    Amorphous. 

102.94 
Il6.g6 

Bfaiiiiite. 

C,  Hi.  0,. 

.324. 

58.97 

Olive  oil. 

.504. 

DclariveitMarcet. 
10. 

Beeswax. 

.39,-20"  to+2°' 
-53,  6'=-26.° 

.79,  26''-42-° 

.72,  42°-5S.° 
.54,  66'^io2.=  J 

[ 

-|  Person.     15. 

L                     [176. 

Sperm  oil. 

4583S, 

Jou]e.P.M.(8).81. 

Milk. 

847.1 
780J 

[Fleischmanii,  0. 
1  S.  J.  (2).  13.  278. 

Creain. 

XIX.  Salts  of  Organic  Acids. 


Name. 

Formula. 

Specific  Heat. 

Molec 
Heat. 

A. 

thorily. 

Barium  format* 
Potassium    qua- 

Ba  Cj  IIj  0.. 

.143- 

3^46 

Kopp. 

34. 

droxalate 
»  oxalate.  Heu- 

KH,C,0,.2H,0, 

.283. 

71.91 

■ 

• 

tral. 
«  tartrate.  Acid 

Kj  C,  0,.  H,  0. 
K  H.  C,  H.  Oj. 

.256. 

43-47 
48.14 

Seignett*  salt. 
Calcium  malate. 

KNaC.HA-4IiiO. 

.328. 

108.27 

Acid. 

CaO.HsOs.  4H,0. 

■33S. 

82.81 

■ 

• 

XX,  M18CELLAXEOUS  Orgaxic  Compounds. 


Name. 

Formula. 

Specific  Heat.     Heat.          Authority. 

Nitrobenzol. 
Mercaptan. 

C,  H,  F  Oj. 
C,  H,  S. 

.3524,  s^-io."  "1  '   43.34   1" 

.3478,  io°-i5.°    ,  42-78  j  Eegnault.    13, 

.3499,  j5''-2o.''J     43.04  [ 

.4715.  5°-io-°        29-231 

.4653,  [o°-i5.°       28.851.  Eegtiault.     13, 

.4772.  i5''-2<'-°    ;   29-59 
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SPECIFIC  HEAT  TABLES. 


Name. 

Formula. 

Specific  Heat. 

MoUc 
Heat. 

Authority. 

AUyl    sulphocy- 
anide. 

Cj  Hj  N  S. 

432.  asMS." 

43.77 

Kopp.     16. 

Ethyl  bromide. 

C,  H,  Br. 

2164,  5°-io.° 

23-59 
23.27 

Ecgnault.    18. 

«     iodide. 

C,  H,  I. 

2153,  I5=-20.'' 

.1587.  SMo."] 
.i584,io''-i5-'' 

3347 
24.76 
24.71 

« 

.i584.i5°-2o.=J 
-I574-.  S°-io-° 
.i556,io''-is.'^ 
.i569,i5=-2o.'J. 

24.71 
24.55 
24.27 
24.48 

Eegnault.    13. 

XXI,    Aqueous  Solutions.* 


Solution. 

Specific  Heat. 

Authority. 

Hydrogen  chloride. 

H  CI  +  G.25  aq. 
«      "  12.60  " 
«      «     25     « 
»      "     50     « 
u       "    1(X)      •> 
"      "    200     " 

u         "        10        " 

.<      «     20     " 
«      «     50     " 
"      «    100     " 
«      «   200     '. 

.6687. 

.7881. 

.8787. 

■9336. 

.9650. 

•983  s-    _, 

.749-      1 

.855. 

.932. 

.946. 

.979.      J 

Marignac.    42. 
Thomsen.  P.  A.  142.  837. 

Sodium  chloride. 

5  per  cent  soKntion. 
10         '■               « 
15         "               » 
20 
25 
30 

33.0      « 
35 

.9306 
.8909 
.8606 
.8690 
.8079 
■7897 

■7713 

ScMUer.    87. 

*For  the  spcdlic  host  cif  solutions  of  rai'OTii  salts,  see  Wmkeliiianli,  P.  A.  149.  492. 
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SPECIFIC  HEAT  TABLES. 


Solution. 

Specific  Heat. 

Authority. 

Na  a  +  12.5  aq. 

.8100.    •] 

«       «   25       « 

.8760. 

«      «  50       « 

,9280,     \ 

llarignac,    42. 

«      « 100      « 

,9596, 

B      «200      « 

.9782.    J 

«      «  10      « 

.791-      ■) 

«      -20      .< 

.863. 

11       u  30       « 
«      «  50       " 

.895,       1 
93'-      ( 
.962. 

Tliomsen.  P.A.  142,  337. 

«     "100      .. 

«      "200      « 

.978.     J 

100  parts  water  to  29.215  salt. 

.8018.  1 
8671.  j 

[Andrews,  P.  M,  (3),  3G, 
1     515. 

.<  14.607     « 

3.09  per  cent,  solution. 

.9638.   ] 

5,15 

-9449' 

11.05         «                 ic 

-89^5.     I 

Winkelmann,P,A,14a  1. 

17,12 

.8526. 

1 

26.03 

.8072,    J 

I 

Potassium  chloride. 

4  per  cent,  solution. 

955S. 

8 

9140. 

12 

8876, 

16 

8503. 

20        " 

8195. 

Schiiller.    37. 

24        « 

7935- 

28        « 

7680. 

33        « 

7486. 

KCl  +  15  aq. 

761. 

«     »   30  " 

850. 

■      1.   50  " 

904- 

Thomsen.  P.  A.  142.  337. 

«     «100  « 

948. 

«     «200  " 

970, 

8,04  per  cent,  solution. 

9625, 

4,23 

9500. 

5,58 

9341  ■ 

8,77 

9041, 

11,60 

Winkelmann.      P.   A. 

15,60 

8448. 

149.  1. 

20,20 

8078. 

25.20 

7760, 

29.40 

7539- 
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SPECTFIC  HEAT  TABLES. 


Solution. 

Specific  Heat. 

Authority. 

Ammonium  chloride. 

10  per  cent,  solution. 

9100. 

r 

20 

30 

S403. 
7946. 

\  SchiiUcr.    37. 

37 

7644. 

I 

NH,  CI  +  7.5  aq. 

760.  ■ 

«    10    « 

778. 

-     25    n 

881. 

Thomsen.     P.  A.   142. 

«        «    50    « 

937- 

337. 

..        .,  100   <■ 

966. 

"  200    « 

g83. 

3.03  per  cent,  solution. 

054^- 

[ 

5.71 

9.98 

8997. 

{ Winlie!raaun,P.A.149. 1. 

14.99        «               « 

8^74. 

1 

25.00 

8003. 

Calcium  chloride. 

Ca  CI,  +  200  aq. 

957- 

Tliomsen.     P.  A.  142.  337. 

Barium  chloride. 

Ba  a,  +  200  aq. 

932- 

Thomson.     P.  A.  142.  337. 

Potassium  bromide. 

K  Br  +  200  aq. 

962. 

Thomsen.    P.  A.  142.  337. 

Ammonium  bromide. 

NH.  Br  +  200  aq. 

96S. 

Thomsen.    P.A.  142.  337. 

Sodium  iodide. 

10  per  cent,  solution. 

9'35. 

20        « 

8408. 

40 

Na  I  +  200  aq. 

-954- 

Thomsen.   P.  A.  142.  n^. 

Potassium  iodide. 

KI  +  200  aq. 

.950. 

Thomsen.   P.  A,  142.  337. 

Ammonium   iodide. 

NH,I  +  200aq. 

.963. 

Thomsen.  P.A.  142,  337. 

Sodium  hydrate. 

Na  HO  +  7.5  aq. 

.847- 

B     15    « 

.B78. 

«        «    50    i< 

.919. 

Thomsen.  P.  A.  142.  337. 

«  100    « 

,968. 

..  200    " 

.983. 
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SPECIFIC  HEAT  TABLES. 


Solution. 

Spec 

fie  Heat. 

Authority. 

Potassium  hydrate. 

K  H  0  +  30  aq. 

«         ,f  50  " 

"100  " 

«200  « 

.876. 
.916. 
-954- 
-975.   ■ 

Tlionisen.  P.A.  142.  337. 

Aininoniom  hydrate. 

Nil,.  HO  +  30  aq. 

a  100    " 

■997.     1 

.999. 

■999- 

■  Thomsen.  P.  A,  142.  337. 

Sulpliurio  acid.* 

Hj  SOi    +    4  aq. 

,<     9    " 

»    19    ■< 
u   40    .< 

k199    .. 

■545-     "■ 
-700.1 

.919. ) 
.956. 
977-     J 

■    Thomsen.  P.A.  142.  337. 

Nitric   acid. 

H  NO,   +  10  aq. 

"           "     20    « 

.,     60    « 

<<  100    " 
■<  200    " 

768.     ] 
849. 

930-      ( 
963. 
98=.     j 

<  Tliomseii.  P.A.  142,  S37. 

Sodium  sulphate. 

10  per  cent,  soli 
15 
20 
25 
30 

40          11 
Na,  80^  +  50 
«100 
-200 
«400 
Na,  SO,  +  65 
«100 
"200 

aq, 
aq. 

9253.  1 
8959. 
8704,     1 
SS23.     [ 
8320, 
8074.  J 
88^.  ] 
9345-    I 
9625.     f 
9815.  J 

930.      L 
955-     J 

■   Schullcr.    37. 

Slarignac.    42. 
J  Thomsen,  P.A.  142. 337. 

*  Compare  in  Table  nujiiber  V, 
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Solution. 

Spe 

cific  Heat. 

Authority. 

Sodium  hydrogen  sulphate. 

Ka  H  SO.  +  25  aq. 

mv 

1 

f 

1 

«  100  « 

Q497- 

-;  Mangnac.    42. 

a  200    1. 

9719. 

J 

I 

Potassium  sulpliate. 

Kj  SO.  +  200  aq. 

940. 

Thomscn.  P.  A.  142.  337. 

Ammonium  sulphate. 

(NH,},  SO.  +  30  aq. 

820. 

~i 

r 

<  Thomsen.  P.A.  142.  337. 

..  200    .. 

959- 

J 

I 

Ferrous  sulphate. 

Fe  SO.  +  200  aq. 

9SI. 

Thomsen.  P.  A.  142.  337. 

Copper  sulphate. 

Cu  SO.  +  200  aq. 

953. 

Thomsen.  P.  A.  142.  337. 

Zinc  sulphate. 

Zn  SO.  +  200  aq. 

947. 

Thomsen.  P.  A.  143.  S37. 

Magnesium  sulphate. 

Mg  SO.  +  20  aq. 

744— 

745- 

r 

«    50    « 
«         «100    " 

B55- 

9'7- 

952. 

859.    I 

\  Thomsen.  P.A.  142. 337. 

<.  200  .  .1 

I 

Sodium  nitrate. 

10  per  cent,  solution. 

q-tZO. 

1 

f 

20       "               " 

KiM 

80        «               <t 

R1IT, 

I 

i  Scliuller.    37. 

40        " 

7998. 

50        « 

-7e'7-(- 

I 

I 

100  parts  water  to  42.49  of  salt. 
<.    21.245       « 
«    10.622       « 

.7«3«- 
.8585. 

.9111. 

^ 

/Andpem,  P.  M.  (3).  36. 

Na  NO,  +  10  aq. 

.760- 

^ 

f 

..  25  0 

.86-5. 

«  50  « 

,QI8. 

I 

{  Thomsen.  P.A.  142.  337. 

"XOO  " 

.q^;©. 

1 

»         11  200  « 

■975  ■ 

■' 
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Solution. 

Specific  Meat. 

Authority. 

3.03  per  cent,   solution. 

.9707.   ^ 

'      3.73         « 

.9658 

4.81 

■9523 

5.62         « 

.9442 

8.40        " 

9234 

11,36 

9035 

16.64        « 

8700 

Winkelmann.  P.A.149. 

19.19 

8559 

1. 

25.03 

8417 

31.29 

S153 

40.06        « 

7820 

49.98 

7576 

57.97 

7376 

70.09 

7121 

Potassium  nitrate. 

10  per  cent,  solution. 

9182.   -] 

f   ■ 

20 

8589. 

i 

■^  Sehiiller.  -87. 

80        " 

8090.   J 

I 

K  NOj  +  25  aq. 

832.     ^ 

^'  100  » 

901. 
942. 

<  Thomsen.  P.A.  142.  S37. 

"  200  B 

966.     J 

[ 

100  parts  water  to  25.29  of  Bait. 

3135    1 

r 

« 13.645       « 

891  s 

Al  aboil,  ifl? 

■i  Andrews.P.M.(3).3e.514 

..   6.322       " 

9369 

L 

3.05  per  cent,  solution. 

9673 

, 

4.15        " 

9575 

5.62 

9458 

8.40 

9206 

Winkelmann.  r.A.149.1 

11.11 

8997 

15.31         "                  1, 

8721 

19.80        " 

8484 

Ammonium  nitrate. 

NH.  NOj  +    5  aq. 

696-699.] 

„  20  " 

859.             1 

«  50  » 

929.             1 

Thomsen.  P.A.  142.  337. 

«100  " 

962.           J 

3.04  per  cent,  solution. 

9654.  ^ 

10.01        "               « 

920S 

20.00        " 

8606 

Winkelmann.P.A.149.1. 

80.00       " 

8774 

40.00        " 

7227 

J 

Barium  nitrate. 

Ba  NA  +  200  aq. 

933- 

! 

rhomsen.  P.  A.  142,  337. 
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Specific   Heat. 

Authority. 

Lead  nitrate. 

Pb  N,0,  +  200  aq. 

919.  1 

920.  J 

1  Thomsen.  r.A.  142.  337. 

Sodium    carbonate. 

Na,  CO3  +  50  aq. 
«100    <- 
"200    " 

896.     ^ 
933-      } 
.958.     J 

Thomsen.  F.A.  142.  337. 

Sodium  acetat*. 

Na  C,  H,  0,  +  20  aq. 

.i    60    « 

«             ulOO    « 

bSOO    " 

.884.     1 
.938.      1 

.965.    r 
-983-  J 

Tliomseii.  P.A.  142.  337, 

Cane  sugar. 

C,H,,0„+25aq. 
-   50    « 
bIOO    " 
«200    « 
«400    « 

.7558. 
.8425- 
.9091. 
.9500. 
.9742. 

■  Marignae.    42. 

Tartaric  acid. 

C^  H>  0»  +  10  aq. 

i.    25    " 

«   50    « 

.          «100    « 

CC                 B  200       " 

745  ■ 
.856. 
.911. 
.952. 

■975. 

\  Thomsen.  P.  A.  142. 337. 

XXII.    Solutions  in  Carbon  Disulphide. 


Solution. 

Specific  Heat. 

Authority. 

Br  +  C  S,. 

.174. 

Marignae.     42. 

Iodine. 

I  +  10  C  8j. 
"    «    20     » 

,219.     ) 
.328.     |- 

1  Marignae.    42. 

Sulphur. 

8  +  C  S,. 
«    .>    2CS,. 
.1    «    4    " 
«    «10    « 

.229. 
.232. 

■Z3S- 

■  Marignae.    42. 
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Solution. 

Specific  Heat. 

Authority. 

Phosphorus. 

P  +  i  C  S,. 

.,    u  2    " 

.219.      1 

.225.      I 
.229. 
3295.    J 

JMarigna*.    42. 

XSIII.    Liquid  Mistuees. 


Mixture. 

Specific  Heat. 

Authority. 

Methyl  alcohol  and  water. 

10  per  cent,  of  C  H,  0. 

.08^82 

20        "          u        « 

.95914 

.92658 

40        «          «         " 

.892 IQ 

.8464^ 

Duprg.  P.  A.  148.  236. 

.80177 

70        «          .<         « 

■75500 

.69999 

.64282 

Ethyl  alcohol  and  water. 

1  volume  alcohol  +  0  vol.  aq. 

.qSg?. 

2        «           «         «  S    «      . 

-08 15- 

3        «           «         «  7    ..      .. 

■9732- 

.Q482. 

6          «              n           B    5     «        « 

.9230. 

Schnidaritsch.WieiiAk. 

84^6. 

38.  39. 

7        "           «         11  S    "      11 

8198. 

9          «              B           B    1     „        „ 

7178- 

8.4percent.of  CjHjO. 

1.060. 

n      « 

1.065. 

34        <i 

1,055. 
1.030. 

o=. 

Jamin  &  Amaury.  C,  E. 

50        <• 

70.  1237. 

.840. 

84        « 

.720. 
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Mixture. 

Specific  Heat. 

Authority. 

5  per  cent,  of  alcohol. 

.01502. 

10 

.03576. 

20        " 

.04362. 

30        « 

.02602. 

36        « 

.99900. 

40        "                   " 

45        " 

,96805. 
.94192. 

Duprg  and  Page.    38. 

50        « 

.90633. 

60       " 

.84332- 

70        " 

.78445- 

SO        " 

.71690. 

90        « 

.65764, 

14.90        « 

.039'- 

20.00       « 

.0456. 

22.56       .. 

.0436. 

28,56       « 

.0354. 

35.32       " 

.0076. 

44.45        « 

,9610. 

49.46       « 

.9162. 

25°. 

SchuUer.    See  39. 

49.S8        " 

.9096. 

54.09        « 

.8826. 

54.45        B                    ic 

-8793. 

58.17 

.8590. 

73.90        " 

-777'- 

83.00 

.7168. 

10  percent,  of  alcohol. 

.0268. 

20        <■ 

.0401. 

30        " 

,0106. 

40        « 

.9726, 

50        "                    " 

.906.. 

0°. 

Winkelmann.    44. 

60        " 

.8446- 

70        B                    <i 

.7813. 

80        B 

.7116. 

90        B 

.6448. 

Alcohol  and  benzol. 

1 

20.43  per  cent,  of  alcohol. 

.5022. 

24,45        B 

.5112. 

32.54        .. 

.5268. 

48.74        B                    „ 

.5465. 

Schiiller.    See  39. 

67.85        B 

.5565. 

66,89       .. 

.5668. 

80.15        « 

.5862. 
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Mixture. 

Specific  Heat. 

Authority, 

10  per  cent,  of  alcohol. 

.5502. 

2D        " 

-5573. 

30        " 

■5594. 

40 

.5630. 

60        .1 

.5654. 

0". 

Winkelmanii.     44. 

70        " 

•5643. 

SO        « 

.5660. 

90        « 

.5700. 

Alcohol  and  carbon  disulphide. 

1 

16.04  per  cent,  of  alcohol. 

3371.   1 

20.06 

3560 

30.06 

3989 

85.00 
40.53 

4133 
4237 

2S=. 

Schuller.    See  39. 

48.64 

4471 

59.30 

4808 

70.90 

5'38 

20' 

3474 

SO         «          "         " 

3662 

40           a            u            « 

4058 

50 
60 

4340 
4558 

0°. 

Winkclmann.    44. 

70 

4833 

80 

5164 

90         «          «         « 

5460 

Alcohol  and  chloroform. 

1 

16.75  per  cent,  of  alcohol. 

3348     1 

28.77        » 

3999 

33.92        « 

4130 

39.78        « 

4315 

Sohflller.    See  S9. 

47.00        1         •■         .< 

4539 

56.46 

4841 

72.80 

5331 

Benzol  and  carhon  disulphide. 

1 

10  per  cent,  of  henzol. 

2858    1 

20        «          «        « 

3098 

30       « 

3347 

50        «          .1        II 

3871 

60        «          .<        „ 

4146 

o". 

Winkelmann.    44, 

70        "          «        » 

4424 

80        II 

4702 

90        " 

4973 
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ALPHABETICAL  INDEX  TO  SUBSTAKCES. 


Rfleemic   . 

'I  See  Silicon  dioxide    ' 

Sulphuric    .    30  S   ' 
Tnrtarie    . 

Solntion 


{Tungstie. 
See  Tungsten  tr 
ids.         .       . 
■■       Valeric 
Actlnolite      , 
Adularia    . 

Albilc 
Alcohol. 

See  Ethyl  alcohol 
Alloys 
Allyl  sulphoeyanlde  . 
Alums 

Six  Aluminum  oxi 
Almninnm    . 

"  Hydrate 

Oxide       . 


Sou 

B   muh 

Hydra 

ulphde 

lodde     So 

Trioide 

Btt«  Epar 

N  rae 

on 

<^  e  Coppe    u 

Solut 

See  Sod  un 

Oide 

B  Fi    a   d 

Ch       d 
O    d 
uph  1 


Malate 

•a 

Metapliosf 

OiilP 

Chloralo 

Sulphate 

Chloride  . 

Tungstnte 

"       Sol 

Camphilene 

Formate 

M 

Cam, 

BUgar 
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Ca£  IT  n 
Caus      potLh 

See  Folass.  byiliate  . 
CnnsUc  Soda. 

See  Sodium  h7drBte 
Celestine    ■       .       ,       , 
Cerium    .... 
■'       Oxide   .       .       ■ 


Cetylalcobol    . 
Cheloopjrile 

Chalk 

Cliarcoal 

Chloroform  with  alcohol 
Chrome  alum 
Chi  me  iron  ore  \ 
Chromlte  J 

Chromlmn     Chi  ride 


Chloride 

Osides 
Sulphate 

Soli 
Sulphide 
Copper  pyriles 

"lc  Chalcopyrlte 


ALPHAEETICAI,  INBEX. 


See  Magnesium  sulphate  i 

Ether.    See  Ethyl  oxide    12,4 

Ethyl.    Acelate    ...    4 

"       Alcohol        .       .  *1,  j 


'     "  chlocoform  54 
'     "  carbon  di- 

Bulphide 
nide    .       .       . 


Felspar ! 

lUS  or  Ferric  eompourids. 

ie  Iron  compounda. 
Formic  acid  ....   4 

See  Amyl  alcohol      .        4 


Gold    .       . 
Graphite 
Green  ritriol. 


J. 

Juniper.    Oil  of   . 


C  rbonatc 
Cblor  Ik. 
Cbroraale 
III  p  sulph  Ic 
I    1  It 
M  Ijidat., 


Oxides 

Sulphate  , 
Sulphide 


Chloride 


See  Magnesium  osi 
Magneeium    . 

Cliloride 
Hydrate   . 


Oxld^   . 
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ALPHABETICAL    INDEX. 


C7  10 
lod  des 
O    de 


Mo  yba  n 

M      ardo 

Saphtha        ;       .       .       . 

NaphtJiallnc     . 

Ntckel 

■'     Osida     . 

"      Sulpliate    . 

"      Sulphide 
Nickel  and  polasslum  sul- 

Nitre. 

See  Potassium  nitrate 


Hypf  sulphite     8" 
°olution  47 


0\alttlB=  4 

rcrchlorate  S 

Permanganate  S 

Ph  tphates  3 

Suljiiatea  1 


Quartz 
iju   k  me 
SiaCa 


Roclielle  salt 

See  "Vignette  salt 
Eutidum.    Carlmnate 


lie     ...       . 
lee  Sodium  chloride 
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ALPHABETIC  A  I-  ISDF.X. 


Of   p  tassi  m  n  tea 
Sapp     e 


llica. 


Tabu  or  spa 
Torian    ac  d 


Tha  bum 

Lhlotldea 
Sulphi  lea  . 


Ttan 

CMoridc  . 

T  paz 

T    m 

Tung*! 

.'"} 

TrniH^ 

ifl  alcohol 

■,v  Lead  molybdate    . 


X. 

1  ilrlum  oside,  or  Y 


'  Chloride  ...  22 
'  Oside  .  .  .  .  2S 
'  Sulphate  .  .  3S,S* 
'  "        SolutiOQ       .    49 

'    SiilpMdo    ...       28 
Knc  ejid  itotassium  chlor- 
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INTKODtrOTION. 


In  the  following  tables  will  be  found  data  for  the  expansion  by  heat 
of  about  three  hundred  and  fifty  different  substances.  In  every  case 
the  coefficient  for  one  degree  is  given,  a  rule  which  involved  many 
tedious  reductions  during  the  process  of  compilation.  It  will  be 
noticed  that  the  linear  and  cubical  coeffieiente  are  collected  separately. 
This  has  been  so  arranged  in  order  to  avoid  confusion.  It  woijld  have 
been  easy  for  the  compiler  to  have  given  in  many  cases  either  the  cubical 
coefficient  or  the  hnear  coefficient  by  itself,  leaving  it  to  the  reader  to 
multiply  or  to  divide  by  three  in  order  to  obtain  the  other  value.  But 
this  would  have  manifestly  involved  great  inaccuracies,  since  the 
cubical  coefficient  is  not  in  every  case  exactly  treble  the  linear. 
Accordingly  the  compiler  has  in  no  instance  given  a  cubical  value 
deduced  by  himself  from  a  linear,  or  vice  versa.  Every  determination 
given  must  rest  solely  upon  the  original  authority  of  the  experimenter. 
For  errors  involved  in  reducir^  to  the  single  centigrade  degree  tiie 
compiler  is  alone  responsible. 

One  difficulty  was  encountered  in  dealing  with  the  expansion  rates 
of  liquids ;  namely,  that  the  data  given  were  often  too  fuU  for  incor- 
poration in  tables  such  as  these.  For  instance:  in  most  of  Kopp's 
determinations,  the  volume  of  each  liquid  is  given  at  many  temper- 
atures, say  at  eveiy  five  degrees  from  0°  up  to  100°  and  over.  In 
some  cases,  e^  en,  deteimmations  are  given  for  every  degree.  In  such 
instances  the  compiler  has  iinipl>  %eletted  from  the  list  the  values 
at  two,  three,  or  four  salient  tcmpeiituics,  and  has  referred  to  the 
original  papei  for  the  lest 

For  these  tables  absolute  completeness  cannot  be  claimed.  Nothing 
will  be  found  in  them  relating  to  the  expansion  of  liquid  mixtures  or 
of  solutions.  In  all  other  directions,  however,  it  is  hoped  that  they 
will  prove  practically  complete,  at  least  up  to  January  1st,  187(5. 

F.  W.  C. 
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In  the  following  tables  the  coefficients  of  expansion  given  are  always  the 
coefficients  for  one  degree  Centigrade.  When  the  coefficient  is  followed  by  one 
temperature,  as,  .00001188.40°,  it  ia  the  true  coefficient  at  that  temperature. 
When  two  temperatures  are  appended,  (ffi,  .0001105,  0°-100°,  the  coetiicient  is 
the  mean  value  for  any  one  degree  between  them. 

But  few  abbreviations,  save  in  the  references  to  original  papers,  have  been 
used.  The  letters  S.  or  L.,  affixed  to  the  name  of  a  substance,  indicate  that 
it  ia  either  solid  or  liquid,  aa  the  case  may  be.  The  minus  sign  prefixed  to  a 
coefficient,  indicates  that  the  letter  represents  contfaelAon,  instead  of  expajasion. 

The  following  abbreviations  are  employed  in  referring  to  sources  of  infor- 
mation, original  papers,  &c.  A  single  number  attached  to  the  name  of  an 
anthority,  refers  to  the  paper  bearing  that  number  in  the  list  accomjMinying 
the  tables.  References  to  periodicals  are  followed  by  numbers  giving  (when 
necessary)  the  series,  volume,  and  page. 

Am.  Chem,    "American  Chemist." 

A.  C.  P.    "Annaleu  der  Chemie  imd  Pharmacie." 

A.  C.  Phys.    "Annales  de  Chimie  et  de  Physique." 

Baler  Aliad,  Phys.  Abhand!.  "Baierisches  Akademio.  Physikalische 
Abhandlungen ." 

B.  D.  C.  G.  "Berichte  der  Deutschen  Chemischen  Gcssellschsft." 

B.  S.  C.    "Bulletin  de  la  Soci^t^  Chemique." 

C.  S.  J.    "  Journal  of  the  Chemical  Society." 
Gilb.  Ann.    "Gilbert's  Annalen." 

Gren'a  J.    "Gren's  Journal," 

J,    "Jahresbericht  fiir  Chemie." 

J.  F.  P.    "Journal  fiir  Praktische  Chemie." 
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10  BXPLANATOBY    NOTES. 

r.  A.    "Poggendorf's  Annalen." 

P.  M.    "Philosophical  Magazine." 

P.  T.    "Philosophical  Transactions." 

W.  D.     "  Watfs  Dictionary." 

Yonng's  Nat.  Phil,    "Young's  Natural  Philosophy," 
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A.  TJ^BLE 


LINEAR   EXPANSIONS. 


I.  Elementary  Substances. 

Name. 

CoSff.  of  Expansion. 

Authority, 

Hydrogen. 

Fluorine. 

Chlorine, 

Bromine.     See  cubical 

table. 

Iodine. 

Lithium. 

Sodium. 

Potassium. 

Kubidium. 

Caesium. 

Silver.    See  also  cubical 

table. 

OOO0212O.   O°-IO0.° 

Muschenbroek.W.D.3.68. 
EUicot. 

„ 

000018900.       " 

HerberC 

^ 

0000208260.     " 

Troughton.                « 

n           Cupelled. 

0000190C174.     "          -1 
0000190868.     "          J 

t  Lavoisier  &  Laplace.  W. 
i     D.  3.  68. 

II           Paris  stJindard. 

0000198S70.     " 

Guvton-Morveau.     A.    C. 
Phys.    90.237. 

000019496.  le^.e-ioo".  1 

J 

000020657.  i6°.6-35o'.    \ 

DanielL    7. 

^ 

.000020488.  i6°.6-io24°.J 

.000019100.  O°-I0O°. 

Kupffcr.     P.  A.  86.  310. 

.000019900.        " 

Calvert,  Johnson  &  Lowe. 

00001943.          " 

ilatthicssen.    51.         [44. 

«           Cast. 

.00001921.  ^40°- 

Fizcau.    5fl. 

Tliallium. 

.00003021.  At  40°. 

Oxygen. 

Sulphur.    Sicily. 

.00006413.  At  40°. 

Fizeau.    56. 

B         See  also  cubi 

cal  table. 

Selenium.      Cast. 

.00003680.        " 

<i           « 

Tellurium. 

.00001675.        " 

«           « 

Lead.    See  also  cubica 

Uble. 

.00002867.  o''-ioo°. 

Smeaton.    W.  D.  3. 68. 

" 

.0000284836.       n 

Lavoisier  &  Laplace.    W. 
D.  3.  68. 

" 

.0002271948.     " 

Guv  ton-Mo  rveau.     A.    C. 
Phys.    90.  2S7. 
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12 

LINEAK  EXPANSION 

TABLES. 

Name. 

Coeff.  of  Expansion. 

Authority, 

Lead. 

.0000290, 

fj'?'"^'''|see31. 

.0000295. 

Prinsep.  J 

,00002785.   i6°.6-ioo''.l 

Daniell.     7. 

,00002968.   i6''.6-322°.  J 

,0000301,  o''-ioo''. 

Calvert,  Johnson  &  Lowe, 

,00002799,       " 

Matthiessen.    61.          L4-i. 

.00002924.    At  40°. 

Fizcau.    56. 

Calcium. 

Strontium. 

Bai'ium. 

Chromium. 

Manganese. 

Iron.    See  cubical  tabic 

,00001156.  o''-ioo''. 

Borda.    W.D,  3,  68. 

,00001258,         « 

Smeaton,          u 

«        Wire. 

,000014401.        a 

Troughton,      « 

"         Forged, 

.0000122045.      "            1 

Lavoisier  &  Laplace.    W. 

"        Wire  draw 

,0000123504.      «            1 

D,  3,  68. 

" 

,0000109980.      II 

Guyton-Morveau.     A.    C. 
Phys.    90.237. 

.0000118203.      11 

Dulong&PetiLW,D,3.6a 

00001179.  i6°.6-ioo°.  t 
,00001344.  i6°.6-35o''.l 

Daniell.    7. 

,000011900.  o''-ioo''. 

Calvert,  Johnson  &  Lowe. 

«      Red.  by  H. 

Com. 

[44. 

pressed. 

.00001  [88. 1 

t 

«      For  electromagnet 

.00001210.     40°. 

\  Fizeau.    56, 

"      Meteoric.    Caille. 

.00001095.  J 

1 

Steel.  Annealed. 

,000012200.    o-'-roo".) 

Muschenbroek.      W.     D. 

«      Tempered. 

,000013700.          «       i 

3,68. 

«      Hard. 

,0000122500,        " 

Smeaton.    W.  D,  3,  68, 

"      Blistered. 

.0000115000,        « 

„ 

.00001,898.          "       ) 
000011S99. 

Troughton,     W.D.  3.  68. 

"       Not  tempered. 

0000107875, 
0000107956.        " 
0000136900.        11 

"       Tempered  yellow. 

Lavoisier  &  Laplace,    W. 

0000138600,        « 

D.  3.  68. 

"       Tempered  at  higli 

0000123956,        .1        J 

[f- 

000011447, 

Eoy.    W.  D,  3,  68, 

"       Blistered. 

0000112500. 

Phil.  Trans.    1795,  p,  428. 

«       French  cast. 

Tem- 

pered. 

00001322.  ■[ 

«       French  cast 

An- 

nealed. 

00001  lor.  1-40°. 

■   Fizeau.    56. 

English  cast 

An- 

nealed. 

00001095.  J 
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LINEAR  EXPANSION  TABLES. 


Name. 

Coiiff.  of  Expansion. 

Authority. 

Steel. 

Soft. 

0000103.     C-ioo". 

Calvert,  Jolmson  &  Lowe. 

Cast  iro 

ooooiiini.      " 

Lavoisier,  W.  D,  3.  fiS,  [44. 

00001 10940.      " 

Roy.                   " 

000010707,  le^e-ioo",  ■^ 

0D0011S29,   i6=,^35'>''-     \ 

Daiiicll.    7, 

„        n 

000010829.  le^e-isso".  J 

[44. 

0000112.    o°-ioo''. 

Calvert,  Jolmson  &  Lowe, 

ic         re 

Gray. 

00001061,  40°. 

■"izeau.    56, 

Cobalt. 

Bed.  by  H.  Com- 

pressed, 

00001236,  40°. 

Nickel 

Eed,  by  H.  Com- 

pressed. 

00001279,  40'. 

.. 

Uranium. 

Copper 

See  also  cubi- 

cal table. 

000019100,     0°-lO0°. 

Muschenbroek,W.P.3.68. 

0000170, 

Smeaton,     See  31. 

0000178. 

Borda,               11 

000019188.    o'-ioo'. 

Troughton.    W.  D.  3.  68. 

0000172244,      "     1 
000017IZ22.     «    J 

Lavoisier  &  Laplace.   W. 
D.  3.  68. 

0000179013.      1. 

Guyton-Morveau.     A.  C, 
rbys,  90.  237, 

0000171,                 u 

Dulong&Petit-  W,  D,  3. 68. 
Horner.     Sec  31. 

.0000169.          " 

Prinsep,          " 

.000017146.   i6°,6-ioo''.   -1 

,000019037.    i6°,6-35o°.    I 

Danicll,     7. 

,000022688.    i6'',6-!09i''.  J 

,00001866.    o'-ioo". 

Matthieaaen,    51. 

Native.  L,  Supe- 

rior. 

,0000.690,1 
.00001678,  r°' 

1  Fizeau.    56. 

Commercial, 

Ruthenium,  Senii-fuaed 

,00000963.    40=, 

Fizeau.    56. 

Rhodi 

iim. 

.00000850.    40°. 

Palladium,    See  .also  cu- 

bical  table 

.0000100000.     o°-ioo°. 

Wollaston.     W,  D.  3.  68. 

,00001 104. 

Matlhiessen.    51. 

Foiled. 

,00001176,    40^ 

Fizeau.    5<j. 

Platiii 

urn.    See  also  cu 

bical  table 

.0000099180,    o°-ioo°.  ■ 

Troughfon,     W.  D.  3,  G7. 

« 

,0000085655, 

Borda.                       11 

a 

,0000088420, 

Dulong  &  Petit.      " 

* 

,0000085675,         " 

Quvton-Morveau,     A,    C. 
Phys.  90.  237. 

.0000088129.  ifi.'S-ioo".! 
■0000089832.  i6''.6-35o°.J 

Daniell.     7                      j.^. 

' 

,00000680,    o°-ioo'. 

Calvert,  Jolmson  &  Lowe, 
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LTNKAE  EXPANSION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Platinum. 

.00000886.  o^-loo". 

Matthiessen.    51. 

Cast. 

.00000S99.  40°. 

Fizeau.    56. 

Iridium. 

.00000700.  40°. 

B                    B 

Osmium.    Semi-fused. 

.00000657.  40°. 

B                    B 

Molybdenum. 

Tungsten. 

Zinc.    See  cubical  table 

.0000294200.  o^-ioo".    1 

11        Hammered. 

.0000301100.         "           J 

Smeaton.    W.  D.  3.  68. 

.0000297. 

Horner.    See  SI. 

.0000306054.  O°-lO0°. 

Guyton-Morveau.  A.  0. 
Phys.     90.  237. 

.00002973.  16". 6-100°. 

.00002558.  i6°.6-35o''. 

Daiiiell.    7. 

.00003192.  i6°.6-4iz°. 

.00002200,  o'-ioo°. 

Calvert,  Johnson  &  Lowe. 
44. 

.00002976.        « 

Matthiessen.    51. 

»       Distilled. 

.00002918.  40°. 

Fizeau.    56. 

Cadmium.  See  also  cubi- 

cal table. 

.0000332.  o°-ioo''. 

Calvert,  Johnson  &  Lowe. 
44. 

« 

.00003159.     " 

Matthiessen.    61. 

Distilled. 

.00003069.  40°. 

Fizeau.    56. 

Magnesium.     Cast. 

.00002694.  40°. 

Mercury.     See    cubical 

table. 

ludium.    Cast. 

00004170.  40°. 

Fizeau.    56. 

Nitrogen. 

Boron. 

Phosphorus.  See  cubical 

table. 

Vfinadium. 

Arsenic.    Sublimed. 

00000559.  ¥>"■ 

Fizeau.    56. 

Antimony.  See  also  cubi- 

cal table. 

0000108300.  o-'-ioo". 

Smeaton.    W.  D.  3.  68. 

ooooogS.                0 

Calvert,  Johnson  &  Lowe. 
44. 

« 

(«ooio56. 

Matthiessen.    51. 

«  Following  axis.  1  -^ 

0000.692. 

<i  Normal  to    «       'S 
"Mean  value,       q 

00000882.     40°. 

Fizeau.    56. 

OOOOIIS2. 

Bismuth.  See  also  cubi- 

cal table. 

00001393.  o'-ioo". 

Smeaton.    W.  D,  3.  68. 

0000133. 

Calvert,  Johnson  &  Lowe. 
44. 
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LINEAR  EXPANSION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Biamuth. 

00001316,  o°-ioo°. 

Hatthiessen.    51. 

cc  Following  axis,  -g 

00001621. 

«  Normal  to    «      "g^ 

00001208.      40°. 

Fizeau.    56. 

n  Mean  value.       5 

00001346. 

Gold.    Annealed. 

000014600,  o'-ioo". 

Muschenbroek.W.D.  3. 68. 

0000 1 5000.        " 

EUicot. 

•1        Parted. 

0000146606.       " 

"        Paris     standard. 

Unannealed. 

.0000155155.      " 

Lavoisier  &  Laplace.  W. 

"         Paris      standard. 

D.  3.  68. 

Annealed. 

,0000151361.    - 

,0000 14;  54  5.  o°-ioo°. 

Guvlon-Morveau.     A.    0. 
Phys.    90.  237. 

.00001229.     i6''.6-ioo°. 

f 

, 

.00001271.     i6<'.6-35o°. 

JDaniell.    7. 

" 

.0000138.    o'-ioo". 

Calvert,  Johnson  &  Lowe. 
44. 

i> 

.00001470.         " 

Jlatthiessen.    51. 

«   Cast. 

.00001443.    40°. 

Fizeau.    56. 

See  also  cubieal  table. 

Carbon.    Diamond. 

.000000000.     -38°.  8. 

.000000563 

0°. 

.000000707 

10". 

i. 

,000000852 

20°. 

Fizeau.    47. 

.000000997 

3o°- 

.000001142 

40". 

.000001286 

50°. 

. 

«                  « 

.00000!  18.    40'. 

Fizeau.    56. 

See  also  cubical 

table. 

«       Graphite. 

.000002925.    i6°.6-ioo°. 
.000002108.    i6''.6-35o=. 

JDaniell.    7. 

a               ■ 

.00000786,    40°. 

Fizeau.    56. 

n       Gas  carbon. 

,00000540.    40°. 

a             <c 

(1       Fir  eharcoal. 

,0000125.  o'-So". 

[Heinrieh.  Baier.  Akad. 
t     Phys.  Ahhandl.  1806. 

.       Oak        « 

,0000150, 

«       Anthraeito. 

.00002078.  40°. 

Fizeau.    56. 

SUicon.  Cast. 

,00000763.  40°. 

Titanium. 

Tin     See    also    cubica 

.0000284000.  o^-ioo'. 

Muschenbroek.      W.    D. 

table 

3.  68. 

«    Grain 

,0000248300,       * 

Smeaton.    W.  D.   3.  68. 

«    Milacca 

,0000193765.       « 

(Lavoisier  &  Laplace.  W. 

«     English 

.0000217298.        "                :l     D.  S.  68. 

•• 

.0000209.                               Horner.    See  31. 
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LINEAR  EXPANSION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Tin. 

Guyton-Morveau.     A.    C. 

Phys.    90.  237. 
f 

„■ 

.00001796.  le^.e-asS". 

" 

.0000273.  o''-ioo°. 

Calvert,  Johnson  &  Lowe. 
44. 

.0^^2296.       « 

Matthiessen.    51. 

«    Compressed  powder 

.00002234.  40°. 

Fizeau,    56. 

Zirconium. 

Glucinum. 

Aluminum.  Commercial 

.0000222.  o'-ioo". 

Calvert,  Johnson  &  Lowe. 
44. 

«             Ciist. 

.000023(3,  40°. 

Fizeau.    56. 

Lanthanum. 

Didymium. 

Cerium. 

Yttrium. 

Erbium. 

Thorium. 

Niobium. 

Tantalum. 

II.       rtUOEIDES   J 


Name. 

Coeff.  of  Expansion. 

Authority. 

Fluorspar.    Ca  F,,. 

,000019504.  o°-!oo. 

Pfaff.    37, 

Siiver  iodide.     Ag  I.l 

r 

Cylinder.      Frecipi-  1 

.40". 

j  Fizeau,    55.        Second 

tated'     and      com-  j 

1      paper. 

pressed.                      J 

00000137.    Mc^nvalM, 

[ 

Mercuric,  iodide.    Hg  I,. 

.00002387.  40°. 

Fizeau.  55.  Second  paper. 

Lead             -         Pb  Ij. 

.00003359. 40°, 

Cadmium     «         Cd  Ij. 

,00002916,  40". 
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LINEAR  EXPANSION  TABLES. 


Ill,    Oxides  and  Sulphides. 


Name. 

Coiiff.  of  Espansion. 

Authority. 

Ice,    H,  0. 

002941. 

Heinrieh.    Baier.    A  lead. 
Phys.  Abhandl.   1806. 

Hematite.     Fe^  0,. 

00000829.    Following  aiis.  1  0  ■ 
00000836.    Normal  to    «    J  ^ 

;  Fiaeau.    49. 

Magnetite.    Fc^  0,. 

OO0OO£)54O.  o^-ioo". 

Pfaff.    37. 

Copper  oxide.    Cu  0. 

—.000000095.    0" 
DOOOOOOOO.   4°,  I. 
000000136.    10°. 

.. 

000000367.    20=. 

Fizeau.    47. 

000000597.    30". 

000000828.    40°. 

000001059.  5°°- 

. 

Zinc            "           Zn  0.  1 

00000316.    Fo,lowh,g.,i,,U^ 
00000539.  Normal  to    »     J  f 

Fizeau.    49. 

Zincite.              1 

Corundum.    'Al^  O3. 

.0000068756.  Longit.  axis,']  Og 

Pfaff.    37. 

.0000065513.  Horiz.      "    Jo 

00000619.    FoIlowingaxisJo- 
00000543.    Normal  to    "    J   §■ 

« 

Fizeau.    49. 

Quartz.     SiO,. 

000008073.    Longit.  a»i5.        o- 

Pfaif.    37. 

000015147.  Ho.;i.      «        % 

0000069^.    10°. 

00000717.    20°. 

00000743.  3°°- 

m^oitit 

Fizeau.    46. 

.. 

00000769.   40°. 

'"''"'  ^"'°' 

00000794.    50°. 

00001281.    10=. 

00001316.    20=. 

PerpendLc- 

00001350.    30=. 

ukrto 

Fizeau.    46. 

00001385.    40=. 

major  axis. 

00001420.    50^ 

00000781.     Folloivingaiis.  Jo- 
00001419.   Nomalto    B    !§■ 

Fizeau.    49. 

Rutile.     Ti  O3. 

00000919.    Followinsaxis.  1  d' 
00000714.  Normal  to   "     J  ^ 

Fizeau.    49. 

Tinstone.    Sn  O3. 

000004860.  Longit.  Mis.     1  o-' 

Pfaff.  87.  Second  paper. 

000004536.  Horii,      «        J  "o 

00000392.    Following  a:i!s.  1  c  ■ 

Fizeau.    49. 

00000321.  Nonnal  to  "     J  -a- 

, 
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LTNEAR  EXPANSION  TABLES. 


Coeff.  of  Expansion. 


Pj-rite.     Fe  S,.  Looooioo84-  o^-ioo".  rfaff,    37. 

Galena.     Pb  S.  I.000018594.         «  |     " 


IV.    Sulphates,  Carbonates,  and  Phosphates. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Gypsum.  CaSOj,  2  H,0. 

.000015589.1  O^-lOO". 

<i                        n 

.000036278.    For  three  aic«  at 

Pfaff.  E7.  Second  paper 

<:                        (( 

.000022752.         right  angka. 

Celeatiiie.    Sr  S  0^. 

.000019205.  Le^erhcri^.        "^ 

.000018513.  Gteat«    »       [S 

Pfaff.  37.  Second  paper. 

.000014903.  Vetlical.             % 

Bariie.    Ba  S  0,. 

.000014311.  Le55crhoriz.       <X 
.000022519.  GreaKr    .<           2 

Pfaff.  S7.  Second  paper. 

„ 

.000014904.  Venical.             "0 

Calcile.    Ca  C  0,. 

.000026261.      Loi^t.  aiis.l  Og 
—.0000031054.  Horii."        2 

f 

a 

j  Pfaff.  37. 

,000003076.      Mean  value.     °o 

Arragonite.    ■■ 

.000010781.  L«.e,horii,       ^„ 
.000015903.  Greater      <(           2 

[ 

1, 

Pfaff.  37.  Second  paper. 

.000031358.  Vertical.              "0 

[ 

Ohalybite.     Fe  C  O3. 

.CXXX)l6l33.    Lcngit.  a=^i5.    lo- 

[7 

Pfaff.  37.  Second  paper. 

.000005388.    Hor[^.      »        J  % 

Apatite. 

.000011254.    LangiLa>i=.    U" 

Pfaff.  37.  Second  paper. 

.000010006.    Hori^.       «           =Q 

V.    Silicates. 


—.0000001316.  Horii,  I 
00000106.  Follomngaa 


Pfaff.  37. 

\  Fizeau.  49. 
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LINEAR  EXPANSION  TABLES. 


Name. 

CoefF.  of  Expansion. 

Authority. 

Topaz. 

000008325.  Lrsserhoriz,     "I  0' 

E 

000008362.  GrwKr  "        i  2   j  Piatf.  37.   Second  paper. 

OOODO4723.  VErlical.             J  °0  ■;  1. 

Tourmaline. 

000009369.  Longit,  «i5.       ■>  ■ 

Pfaff.  37. 

0000077321.  HorLz.        1(         "i 

Garnet 

000008478.    o°-ioo'. 

Pfaft'.  37. 

Analcime. 

000009261.               " 

"        "    Second  paper. 

I  do  erase. 

ooooo7872i.L-.nsi..^is.  l^- 

[ 

Si^Pfaff.  37. 

0000096287.  Horii,      cc      J  °o 

l 

Zircon. 

000006264.     Loi.git,  aiiis.  ]  o' 

( 

Pfaff.  37. 

0000110540.  Hori;.      ((          "□ 

[ 

Adularia. 

000015687.     lo=-ioo°. 

« 

—.000000659.  iThtH^cs  at 

Pfaff.  37.  Second  paper. 

000002914.      J     righianglts. 

Honibletide. 

000008119.     lo''-ioo''. 

000000843.        Thtee  axes  at 

■  Pfaff.  37.  Second  paper. 

000009530.      j      right  angles. 

Diopsid 

e. 

000008125.       o'-ioo". 

I 

000016963.       Thre=a>asat  '  ^  PfafF.  37.  Secoud  paper. 

— .000001707-        right  argla. 

[ 

Glass. 

Tube. 

0300083333.     o^-ioo^. 

Snieaton.    W.  D.  3.  67. 

0000082800.         " 

Deluc. 

[ 

Rod. 

0000077615,1 
0000080787.  j 
0000086130.    0°-J00°. 

Eoy,    P,  T,     1785.  38o, 

0000091827.       IO0°-2OO°. 

Dulong&Petit.W.D,3.69. 

OOOOIOIII4.      20O°-30O°. 

Tube. 

000008T166,     o''-ioo.° 

I 

Plate. 

Crown. 

00000890890. 
0000087572.        « 
0000089760.         "1 
0000091751.         il 

Lavoisier  &  Laplace,     W. 
D,    3.67- 

Wliite  French. 

000008510,    o'-ioo,"          jKopp.    23, 

" 

Tube. 

°°™°9^30.  1  T„„  ,«Hme„s 

000008766.  j '"  p* 

JHagen.    J.  1856.  48, 

« 

Soft  Thitringian. 

00001195. 

Weinhold.  P.  A,  149, 186. 

Wedgewood  ware. 

.000008813.     i6,°6-ioo.°  " 
,000008983,     i6.°6-35o.'' 

Daniell,    7. 

Bayeiix  porcelain. 

■^|^^-|iooo=-i4oo.°  ■ 

Deville  &  Troost.   J.  1S64, 

70. 

" 

.0000200.    Above  1500.° 
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LINEAR  EXPANSION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Platiniridium. 

One  tenth  Ir. 

.00000884.     40.° 

Fizeau.    56. 

Lead  and  tin. 

Solder.  2  lead.  1  tin. 

.0000250800.     o^-ioo." 

Smeaton.    W.  D.  3.  68. 

Lead  and  antimony.     1 

.0000203  3  ■     1 6.''6- 1 00." 

1 

Daniel!.    7. 

Type  metal.            J 

.00001952.     i6.''6-264.'' 

1 

Zinc  and  tin. 

8  zinc.    1  tin. 

.0000269200.    o°-ioo.° 

Smeaton.    W.  D.  3.  68. 

Copper  and  tin. 

8  copper.    1  tin. 

.0000181700.     O°-I0O. 

Speculum  metal. 

,0000193300.        11 

«                   « 

Bronze,    i  tin. 

.00001844.     1 6. '6-100.° 

<(             11 

.00002116.     i6.=6-3So.» 

Uaniell.    7. 

«             « 

,00001737.     i5.='6-9S7.'' 

" 

.00001782.    40-° 

Fizeau.    56. 

Brass. 

.000021600,    o^-ioo." 

Muschenbroek.W.D.8.68. 

Cast. 
11           Wire. 

.ooooi875c« 
.0000193000 
.0000178300 
.0000185540 

Smeaton.    W.  D.  3.  68. 
Borda.    W.  D.  3.  68. 

n            English. 

.00001 B9280 
.0000189490 
.0000191880 

Roy*.    W.  D.  3.  68, 
Troughton.    W.  D.  3. 68. 

,0000186671 

Lavoisier  &  Laplace.    W. 

.oa»i  88971 

D.  3.  68. 

i  zinc. 

.00002143.     i6.°6-ioo.° 

.00002162.     16. "6-350.° 

Daniell.    7. 

.00002207.     i6.''6-ioo6. 

.00001859.    40.' 

Fizeau.    56. 

2  Brass  +  1  zinc. 

Smeaton.    W.  D.  3.  68. 

16    "     +  2  tin. 
Pewter. 

.ooooigoSoo.         " 
,0000228300.         11 

.00002033.     i^.^S-ioo." 

} 

Daniell.    7. 

" 

.00001994.    i6.°6-2o6.' 
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LINEAR  EXPANSION  TABLES. 


VII-  Miscellaneous. 


Coeff.  of  Expansion. 


ParafBne.  Kiwigooii. 
Soft  coal.  Charleroy. 
Ebonite, 


,00027854.    40.° 
.01x102782.    40.° 
,00007  7°-     i5.°7-25.°3. 
25.V35-°4. 

10  Gla5!. 


I  Kohlrausch.     P.  ^ 
f .     47.  15G. 
Eoy.    W.  D.  3.  67. 
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CUBICAL  EXPANSIONS, 

FOR   SOLIDS   AND    LIQUIDS. 


I,  Elemestaey  Substances. 


Name. 

Coef,  of  Expansion. 

Authority. 

Bromine, 

001016027.  — 7°.    "1 

„ 

00103S186.       0".    \ 

I'ierre.     24. 

001318677.  +63-    J 

Iodine 

Solid. 

000235. 

L'pon  fusion. 

16S2. 

Billet.    J.  1855,    46. 

Liquid. 

000856. 

Silver. 

Compiire    also 
with     linear 

table. 

00005831.     O°-I0O. 

Matthiessen.    51. 

Thallium.    See  linear  tii- 

He. 

Sulphu 

r.  See  linear  table 

000622.     iio'-iso". 

000581 
000454 

no--i50-. 

Despretz.    13. 

000428 

IIO''-250". 

Native  cryst. 

000183 

Kopp,    31. 

Native. 

000137 
000223 
000359 

o°-i3°2. 
i3°2-5o°3. 

000620 

78''-96°5- 

Kopp.    A.  C.  P.    93.  129. 

" 

003097 

96°5-io9°9. 

" 

.05002.      In    nirfting    at 

Selenium.  1    See   linear 
Tellurium.  J        table. 

115°. 

Lead. 

See    also    linear 

table. 

.oooo8g. 

Kopp.    SI. 

" 

.0000S399,     o'-ioo". 

Matthiessen.     51. 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Coeff  0 

f  Exp 

n.ion. 

Authority. 

Iron.  See  alsolinear  table 

0000355. 

o°>-ioc 

::} 

Dulong  &  Petit.    1. 

0000441. 

o°-30c 

000037. 

Kopp.    31. 

£t}s..,i»„«e 

Copper.    See  also  linear 

table. 

0000515. 
0000565. 

o^-ioc 
o'-30C 

Dulong  &  Petit.     1. 

" 

000055,  -» 
0000767. 

O=-I0 

1 

Playfair  &  Joule.    27. 

000051. 

Kopp.    31. 

00004998 

O"-! 

w". 

Matthieasen.    51. 

Ruthenium.  1  See  linear 

Rhodium.       J     table. 

Pflllfldium.    See  also  li- 

near table. 

00003312 

o°-i 

TO°. 

Mattbicasen.    51. 

Platiimm. 

0000265, 

o'^-lot 

^:} 

Dulong  &  Petit.    1. 

0000275. 

o'-30c 

00002658 

0^-1 

X). 

Matthiessen.    51. 

Iridium.      1   See  linear 
Osmium.     J       table. 

Zinc.  See  also  linear  table 

000089. 

Kopp.    31. 

00008928 

o^-l 

x>'. 

Matthiessen.    51. 

Cadmium.     See  also   li- 

near table. 

0000940. 

Kopp.    31. 

.00009478 

o"-l 

X)=. 

MatthieHscn.    51. 

Magnesium.    Sec  hnear 

table. 

Slercury. 

Tor  very  early  determi- 
nations see  Dalton,  Ca- 
vendbh,    Deluc,  Ach- 
ard.  Roy,  Shuckburgh, 
Cotte,  Casbois,  Lavoi- 
sier  &    Laplace,    La- 
lande  &  Delisle.  Eo- 
eenthal,  and  Lichten- 
1     l>ei^. 

« 

.00017583 

o''-ioo».  1 

Hallsti-om.       Gilb.    Ann. 

•I 

.00017723 

20.  397. 

.00018018 

x.».  1 

n 

.00018433 

0°-2 

».. 

Dulong  &  Petit.    1. 

0 

.00018868 

o°-30o^  J 

B 

.oooi?405 

Militzer.     28. 

« 

.00017905 

0°. 

" 

.00017950 
.0001 Sooi 

2? 

Eegnault.    W.  D.  S.  56. 

.«)0iS05i 

30°' 

See  next  page. 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authotity, 

Mercury. 

.00018102. 
.0001S152. 

40°. 
50°. 

See  preceding  page. 

.00018203. 

60". 

Eegnault.    W.  D.  3.  56. 

.00018253. 

70». 

.00018304. 

80°. 

.00018354- 

90°. 

See    original    paper    for 

.00018405. 

100°. 

fuller  series  of  values. 

.<x«i8657. 

150". 

.0001S909. 

200'.    . 

.00019161. 

25o^ 

.00019413. 

300°. 

00019666. 
.0001812. 

350°- 

O=-I00°. 

Matthiessen.    50. 

Iridium.  See  linear  table 

Phosphorus.* 

.000359.    o°-i7''.9- 

o«'399.    o°-35°-9- 
001226.    o°-38''.2. 

Erman.    4. 

0010024. 

o''-6i°.2.          J 

000351. 

''.3-iS°.8. 

000371. 

5°8-4i°.i, 

000369. 

5=8-43;.i. 

000366.    i 

000396. 

5°8^4i°.i. 

-1  Kopp.    A.  C.  P.  93.  129. 

000397. 

5''8-43°.i.        J 

0009371. 

o°-7o<'. 

03422.    In  mtlting  =,„<>. 

Solid. 

000376.  0 

Mo".! 

Pisati  &  DeFranchis.  B.D. 

Molten. 

000520.  50 

^=.1 

C.  G.  8.  7U. 

Arsenic.  See  linear  table 

Antimony 

Seealsoline- 

ar  table. 

000033. 

Kopp.    31. 

oo(x>3i67. 

cf-ioa". 

Matthicssen.     51. 

Bismuth. 

See  also  line- 

ar table. 

0000400. 

Kopp.    31. 

00003948. 

o''-ioo''. 

Mattliiessen.     51. 

Gold,       See  also  linear 

table. 

00004411. 

« 

Diamond. 

See  also  line- 

ar  table. 

00000354. 

40°. 

Fizeau.    49. 

Sihcon.  See  linear  table. 

Tin.     See  also  linear  ta- 

ble. 

0000690. 

Kopp.    31. 

*  According  to  Pisati  ft  Ds^Franchls,  if  .ralid  Plioi 
1,03446,  its  volume  molten  at  44°  will  be  1.0504. 


phorus  at  40°  has  the 
C.  G.  a.  70. 
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CUBICAL  EXPAl  SION  TABLES. 


Name. 

Coeff.  of  Expansion. 

Authority. 

Tin. 

Aluminum.     See   Imear 
table. 

.000070. 
.000065. 

.00006889.  o^-'oo". 

Kopp.    A.  C.  P.  93,  129. 
KiipiTer.    A.  0.  Phys.  (2). 

40.  285. 
Matthicsseii.    61. 

II.    Fldoeides,  Chlorides,  Bromides  and  Iodides. 


Name. 

Formula. 

Coeff.  of  Expansion 

Authority. 

Calcium  fluoride. 

CaFj. 

.000062. 
.000058512.  o''-loo° 

Kopp.     81. 
Pfafl-.  37.  Second 
paper. 

Potassium  chloride. 

KCh 

.00010944.    o'-ioo" 

Playfair  &  Joule. 

Ammonium     " 

NH,  CI. 

.000191.             " 

Phiyfiiir  &  Joule. 

Sulphur 
Calcium 

8,  CI,. 
Ca  CI,.  6  H,  0. 

.00(028.     o'-Ioo°. 
.001118.     O'-IJO". 

.002227.    o^-fJo".    ■ 

Kopp.  35.  See  de- 
tails. Second 
paper. 

Kopp.  A.  0.  P. 
93.  129. 

t:                     « 

.09647.111  mellingst  59? 

Intermediate  va- 

Barium           -i 

Ba  CI,. 

.00009873.  0°^IO0°. 

lues  given. 
Playiaii-&  Joule. 
27. 

Phosphorus  trichlo- 
ride. 

P  CI5. 

.OOI12S619.   0°. 

.001589242.  7S''34- 

Pierre.  24.    Also 
26. 

Thorpe.   B.  D.  C. 
G.    8.  331. 

" 

.001289.    o°-7S°9. 

Volume      given 
for  every  10°. 

«    oxychloride 

PO  CI3. 

.001381.    o°-5o°.    ■ 

Thorpe.  B.  D.C. 
G.    8.  329. 

«               .1 

« 

.001230.    o'-ioo". 

Volume      given 

.ooi237.o''-io7''23.] 

for  every  10°. 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Formula. 

CoSff.  of  Expansion 

Authority, 

Phoaphorua  sulpho- 

chloride. 

PS  CJj. 

.000826.  o°-5o°- 

Thorpe.  B.D.C, 
G.     8.  330. 

» 

.cx)iii87.  o°^ioo'. 

Volume      given 

.001163.  o°-i25°. 

for  every  10°. 

Arsenic  triciilorkle 

As  01,. 

.000925854.    -30° 

.000979073.     o=. 

Pierre.    24. 

.oo'333299-i33''8i. 

Antimony      n 

Sb  CI,. 

.0008321. 73>ioo=l 

Kopp.  35.  Second 

■oo09675-73°2-23o°J 

paper. 

Carbon  dichloride. 

C,  Clj. 

.001002628.    0°      1 
.001299538.  I23''.9J 

Pierre.     SO. 

«   tetrachloride. 

C  C!,. 

.001183844.    0-.     1 

.001571522.   78".!,  1 

Pierre.    80. 

.001162988.  o'-so".] 

.001272714.  o°-7o''.  1 

.001391845.0°-!  10' 

Him.    52. 

.00155319.  □M5o°.J 

Silicon            !■ 

Si  CI,. 

.001272135.    -4o=.1 

.001294119.    o=. 

Pierre,    24. 

.001978592.     59".  J 

Titanium       « 

Ti  CI,. 

000876944.  -25°. 

.1 

.000942569.    0°. 

Pierre.    24, 

« 

-<x"357899.    136"- 

Tin 

Sn  CI,. 

.001101490.     -25^' 

<. 

.001132801.    0°. 

Pierre,    24, 

001647378.  115^.4. 

Phosphorus    tribro- 

mide. 

F  Brj. 

000847205.    0°. 

« 

" 

001008780.     100°. 

Pierre,    24, 

« 

001149896.  irs-.s- 

Antimony       tiibro- 

mide. 

Sb  Brj. 

0008315.  90°-28o°. 

Kopp.  35,  Second 
paper. 

Silicon        tetratiro- 

mide. 

Si  Br,, 

000952572.    0".     1 
001113682.     100°.  t 

<i 

Pierre,    24, 

" 

ooi2osi8o.i53''36,] 

Silver  iodide. 

c 

ft 

Agl. 

-.000007 18.-18°  too" 
-.00003297,  o°to  21" 

-.00005570.  21°  1067° 

«          « 

s  :n 

« 

0000436.    ii6'-45o° 

EodivelLChem- 

o           « 

S-iS 

■1 

011323.       Id    chaoiing 

iaiiNews.31. 

from  amoiplluus  lu  cryst. 

4. 

H           a 

'a  "^ 

0 

01030001.      In    fusing 

^ 

a.  45==. 

,Cooole 


CUBICAL  i:xPASSlO^^  tables. 


III.     Oxides. 


-.0000264. 
30013053.    1 


.000231821.    o°- 
.000429279852.0 


Deluc.  SeeGren'sJ. 
1.  216. 
1  Hallstrum.  2.    Vol, 


degree. 
,   1  jMunike. 


8.      Vol. 


veiy 


10552,-3  to+3°7  5- 
!1553-  3''-75'-4o''. 


H3616.   -I3''.i4- 
.000430139.    97°. 72. 


-.000066301. 
X10440307.    I 


.00064713.    o°-i57''. 


.000430. 
x>783. 


degree. 
Stampfer.    9.    Vol. 

given    for    every 

degree. 
[Despreti!.  14.  Vol. 
J     given  for  eveiy 
[    degree. 

Pierre.    20. 
[Kopp.    23.    Vols. 
]     given    at  iiiter- 
[    mediate  degrees, 

Pierre.    26. 
[Hiigen.J.1856.48. 
J    Vol.  given  forev- 
[    ery  five  degrees. 
Buff.   A.  C.  P.  4tli. 
Siipp.     129 
Mendelejefl".  A.  C. 
P.  119.  1.     See 
pnper  for  many 
detjiils. 
Sorby.  40.  Vol.  given 
at  some  intermedi- 
ate tempcr.atures. 


^Details  regarfing  tlie  expansion  of  water  are  too  full  for  admission  to  these 
tables.  Only  tiie  leading  facta  can  be  here  stated.  Many  interesting  series  of  deter- 
minationa  are  uuavoidably  omitted. 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Formula. 

CoEff.  of  Expansion.             Authority. 

Water. 

H,0. 

—.000034.     o°-4°. 
— .oooi362.-io°t0  4= 

Weidner.  48.  Vol. 
given    for    every 

degree. 

aiiitthiesscn.SO.Vol. 

.0002500.     4°-5o''- 
.0004496.     4=-ioo. 

given  for  every 
degree. 

II 

.00051655.    4°-i20=.  ■ 
,00079498.     4''-20O'. 

Him.  52.  Interme- 

<■ 

« 

diate  values  given. 

« 

" 

— .00003292.  o''-+°o7.' 
.00025996.    4°O7-50°. 

Rossetti.  53.  Every 

" 

•1 

degree  given. 

TEoesetti.  53.    Sec- 

ond paper.  Vol. 

.000392.   -10°  to  100" 

given   at  every 
1     degree. 

Ice. 

" 

.<x)oi5S5.    o^-r. 

FluckerandGeialer. 
P.  A,  80.  238. 

Iodine  pentoxide. 

I.  0,. 

000066.    o^-si". 

Bitte,  A.C.Phya.  (4)- 
21.  5. 

Sulphur  dioxide.  L. 

S  0,. 

001496377.    -2S°-8S-1 
001819947.    -8°.       J 
00193.    o"-i8=.         1 

Pierre.  26. 

<.               cc 

« 

00368 

9'°-99°5. 

Di-ion.  38.  Compare 

« 

" 

00463 

108=5-1 i5?5. 

also   A.   C.  Pliys. 

00533 

Il6=-I22=. 

(3).    56.  5. 

<1 

122°-127". 

« 

00190 

-10'' to -5°. 

«            <i 

" 

00194 

-;°  to  0°. 

" 

00198 

S^-io". 

I            I 

I 

00206 
00225 

io°-<5°- 
i5''-2o. 

20-25°. 
35=^30°. 

3o°-3S''- 

D'Andre^ff. 

00230 

35°-4o'. 

Sulphur  tri oxide. 

so,. 

0027.    25M5^- 

Schultz-Sclkck.  P. 
A.  ISy.  480. 

Lead  monoxide. 

PbO. 

0000795.    o°-ioo'. 

Playfair&  Joule.  27. 

Manganic  oxide. 

Mn,0,. 

0000522.         (( 

a                  « 

Ferric              « 

Fe,0,. 

000040.     Hcmatile. 

Kopp.    31. 

00002501.      40°. 

Fizcau.    49. 

Ferroso-ferric  " 

Fej  0,. 

OOOOag.     Magnetils, 

Kopp.    31. 

"            "      " 

" 

000028620.    o'-ioo". 

Ffaff.  37.  Second 
paper. 

Copper  oxide. 

CuO, 

00000279.      40°- 

Fizeau.    49. 

Zinc 

ZnO. 

00001394.    40"-    Zincits. 

" 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Magnesium   oxide. 

Cryat. 

MgO. 

00003129.     40". 

Fizeau.    49. 
Calcined  a,t  350°,  at 

«                        a 

000Q03104.   o°-ioo°. 

450°,  at  dark  red 

"                        " 

000002403.          « 
000001764.          " 

heat,  and  at  bright 

" 

.000001634.          " 

Ditte.    C.  S.  J.  (2). 
9.  SG9. 

Mercuric  oxide. 

HgO. 

.00005802.    o'-ioo'. 

Play  fair  &  Joule.  27. 

Nitrous        "        L. 

N,0. 

.00428.      -5°  to  0°.  " 
.00422.        o^-s". 

«              « 

:oo484.        5'>-io°. 

D'AndreefT.    39. 

u               « 

« 

.00656.      io°^i5''. 

.00872.         15=^-20°. 

Coeff,  given  forevery 

Hypoiiitric  acid.  L. 

NO,,. 

.001445-    0'. 
,002021.     50'. 
.003081.    90°. 

10"  from  0"  to  90". 
Drion.    A.  C.  Phj-s. 
(3).  56.  5. 

Arsenic  tri oxide. 

Oryst. 

As.,  0,. 

.00012378.    40°. 

Fizeau.    49. 

Senarmontite. 

Sb,  O3. 

.00005889.       « 

Carbon  dioxide.  L, 

CO,. 

.0142.    o'>-3o''. 
.00475.    -ro''to-5°.  ] 

Thilorier.    See  38. 

" 

.00493 

-5"  too". 

.00540 

0^-5". 

„             „ 

.00629 

S^-io''. 

D'AndreC-ff.    39. 

,< 

.00769 

.o°-i5=. 

<■ 

.00975 

i5'-3o'. 

,01277 

20'=-25'. 

Quartz. 

SiOj. 

.000039.  1 
.000042,  J 

Kopp.    31. 

- 

" 

.00003840.     O^-lOO'. 

Pfaff.    37.     Second 
paper. 

« 

,1 

-00003619.  40". 

Fizeau.     49. 

Kutile. 

TiO,. 

.000033. 

Kopp.    31. 

.00003347,   40°' 

Fizci\u.    49. 

Tindioxide.Powder 

Sn  Oi. 

.0000172.      0°-[00°. 

Playfair&  Joule.  27. 

Tinstone. 

.000016. 

Kopp.     31. 

,00001389.    o°-ioo°. 

Pfaff.    37.     Second 
paper. 

.00001034.     40°. 

Fizeau,    49. 

Corundum. 

Al,  O3. 

,00001995.     o'-ioo'. 

Pfafi'.    37.     Second 
paper. 

a 

.00001705.  40°. 

Fizean.    49. 

Spinel  ruby. 

MgO.  AljOj. 

,00001787.    " 

"           " 

Pleonaste. 

.oax)i8o5.      .< 

Gahnite. 

Zn  0.  Alj  Oj. 

.00001766,      " 

Kreittonite. 

.00001750.      .. 
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IV. 

Sulphides. 

Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Selenium  sulphide 

SeS. 

.00014176.     o°-52°. 

Ditte.    A.  0.  r.  163, 
187. 

Lead 

In  powder. 

PbS. 

.0001045.     o°-ioo°. 

Playfair&Joule,  27. 

Galena. 

.0000680. 

Kopp.    31. 

.0000557S2,    o'-ioo".  iPfatf.    37.     Second 

Pyrite. 

FeS,. 

.000034. 

paper. 
Kopp.    31, 

« 

.000030252.    o^-ioo". 

Pfafi;    S7.     Second 

Blende, 

ZiiS. 

.0000358. 

paper, 
Kopp.    31. 

Carbon  disulpliide. 

OS, 

.001 1016.  -50°  to  0°. 
.00119625.    o''-4o''. 
.0012517.      o°-7o''. 

Muncke,    10. 
Vol.  given  for  every 

degree  from  — 50° 

to  +  70'. 

" 

001072705 
001332332 

Pierre.    20. 

"                " 

„ 

001139804 
001402735 

47°.9°.  , 

Pierre.    26. 

« 

001236617 

oMo". 

" 

"„ 

0013259B6 
001459566 

o-'^o". 

Him.    62. 

« 

001660760 

o°-i8o°. 
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Name. 

Formula. 

Cocff  of  Expansion. 

Authority. 

Iodic          acid. 
Sulphuric     " 

H  I  0,, 

HjSO. 

0002242.     o^-SS^.S 
00031. 

00057849.     o°-ioo 

.00059644.3.    O°-2O0 

.00060373-     o°-23o 
.0005656.     o''-23°. 

.0005585.    20°. 

Ditte.  A.  0.  Phya.  (4).  21. 5. 
Achard.      Young's      Nat. 

Phil.  2.  8i)2. 
Every  10°  given  from  -30° 

to  +530". 
Muncke.    8. 

Marignac.  A.  C,  Pliys.  (4). 
22.  420. 
0,S.J.(2).9.1]2g 

Nitric            " 

H  K  O3, 

.00114885.     o°.-loo 
.00117808.     o°-ii5 

.1 

Muncke.    8. 

Every  5"  given  from  -20° 
to  +115°. 

VI.    Sulphates,  Hyposulphites  and  Cheomates. 


Name. 

Formula. 

Authority. 

phat«. 

K,  S  0,. 

00010697.  o'-ioo". 

Playfair&Joule.27 

«     bisui- 

phftte. 

K  H  S  0.. 

.00012287.        " 

Ammonium 

sulphate. 

(N  H,),  S  0.. 

.00010934. 

Gypsum.  Sec  li- 

near table. 

Ca  S  0,,  2  Hj  0. 

.0000750. 

paper. 

Celestine.     See 

linear  table. 

SrSO^ 

.000061, 

Kopp.    31, 

.00005261.  o°-ioo°. 

Pfaff.  37.  Second 
paper. 

Barite.    See  li- 

near table. 

Ba  S  0,. 

,000058. 

Kopp.    51. 

.00005190.    D"-IOO''. 

Pfaff.  37.  Second 
paper. 
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Name. 

Formula. 

Coeff.  of  Expansion 

Authority. 

Ferrous  sul- 
phate 

Magnesium  sul 
phate 

Copper  sulphate 

Fe  S  0,.  7  H,  0. 

Mg  S  0..  7  H,  0. 
CuSO..   5  11,0. 

.0001153.     o'=-loo"'. 
.00005315.        « 

DOOO8I2.                    IE 
00009525.                « 

Playfair&  Joule.  27 

Tlirec  samples. 
Fkyfair  &  Joule,  27 

Copper  ammo 
nium  sulphate 

Copper  potassi- 
um su!phat« 

Zinc  potassium 
sulphate. 

Maguesium  po- 
tassium   sul- 
phate. 

Magnesium  am- 
monium sul- 
phate. 

Common  alum. 

Chrome        « 

(NH.)5Cu(SOJ,.6H50 
KjCu(80,)j.  6H,0. 
Kj  Zn  {S  0.)j.  6  H,  0, 

K,Mg(SOJ,,  6H,0. 

(NHJ,Mg(S0.),.6H,0 
K  Al(SO,)j.  12H,0. 
KCr(SOJ,.  12H,0. 

000066113.  o^-ioo". 

00009043. 
00008235.       « 

00009372. 

oooo;i6i.          n 
00003682.  0''-200°. 
00005242.          .1 

Playfair&Joule.  27 
Flayfair  &  Joule.  27 

Sodium    hypo- 
sulphite. 

Na,  S,  O3,  5  H,  0. 

00015.11.  o"-45". 
000935.  o°-3o°. 
O5095.1i,mdtin6=t45= 

Kopp.  A.  C.  P.  93. 
129.  Vol.  given  for 
every  10",  from  0= 
to  80°. 

Potassium  ell ro- 
njiite. 

Potassium     di- 
chromat«. 

K,  Cr  0.. 
K,  Or,  0,. 

00011005.  o''-ioo°.') 
0001134,          ,.         1 

Playfair&  Joule.  27 
Pkyfair  &  Joule.  27 
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VII.  Chlorates,  Nitrates  and  PiiospnATES. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authoiity. 

Potassium     chlor- 
ate. 

KCIO,. 

.00017112.   O^ICO.' 

PIayfair&Joule.27 

Sodium  nitrate. 
Potassium  11 

Barium  nitrate. 
Lead 

KNOj 

Ba  Nj  Oj. 
Pb  N,  0,. 

.a»ig67.            «          1 

,«x>i7237. 

.0001947.            .           J 

.00004523. 

.0000839.            " 

PInyfair  &  Joulo. 

Plavfair  &  Joule. 

27. 

Sodium  phosphate 

Apatite.  See  linear 
table. 

Na,B:P0,.12H,0 

.0001371.  oMS"- 
.0010286.  o°-7o°. 

.05085.Inmd.ii.g,-,.2S= 

.00003123.  o^-ioo". 

Kopp.  A.  C.  P.  98. 
129.    Vol .  given 
for  every  ICFfrom 
0°  to  70°. 

Pfaft:    37.    Second 
paper. 

VIII.  Carbonates, 


Name. 

Formula. 

Coeff.of  Expansion 

Authority. 

Calcite.  See  linear 

table. 

Ca  C  O3. 

.0000196.  O°-10O°. 

Dulong  &  Mitscherlich. 
p.  A.  1.    127. 

" 

,0000174. 

Mitscherlich.  P.  A.  10. 
149. 

« 

.000018. 

Kopp.    31. 

.00002010.  o^-ioo". 

Pfati*.    37.    Second  paper. 

Arragonite.  See  li- 

near table. 

« 

.000065. 

Kopp.    31. 

If 

.00005802.  o°-ioo.° 

Pfaff.   37.    Second  paper. 

Chalybitc.    Seeli. 

near  table. 

FeCOj 

.000035.  (rmpu«.) 

Kopp.    31. 

cc 

cc 

00002688. 

Pfaff.    37.    Second  paper. 

Dolomite. 

{Ca  Mg)  C  0,. 

000035. 

Kopp.    31. 
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IX.    Silicates. 


Name.                         Coeff.  of  Expansion. 

Authority. 

Emerald.)Seeliiieai-tab!e'.oooooi68.   40°. 

Fizeau.  '  49. 

Beryl.      |      « 

00000105.    o'''-loo°. 

Pfaff.  37-  Second  paper. 

Topaz.             «            ■'      j 

00002137.       « 

«        11 

Tourmaline.   "             «      ' 

00002181. 

a          «                   11 

Garnet.           «             "      , 

000025434.     " 

Analcime.       "             "      ; 

000027783.     " 

Idocrase.         "             "      1 

00002700.        " 

II          «                   0 

Zircon. 

00002S35.        « 

Orthoclasel 

000026."! 
000017. J 

JKopp.  31. 

I 

Adularia,  jSeelineartablc 

D0001794.    o°-ioo°. 

Pfa£f.  37.  Second  paper. 

Hornblende,  «             " 

00002845-        " 

Diopside.        «            0 

00002330.        " 

Glass.    See  linear  table. 

0000258.      O°--10O°. 

0000275.      0°-200''. 

Dulong  &  Petit.  1. 

0000304.     o"-300°. 

0000265445.       o"-!". 

Muncke.  8. 

«     White.   Tube. 

00002648.    o'-ioo". 

«        Globule.  \ 

00002592.1      " 

00002514.1       n 

«     Green.  Tube. 

00002299.       " 

.      Globule. 

00002132. 

ir     Swedish.  Tube. 

«>oo2363.        « 

Globule.-] 

00002441.')        CI 

0000241 1.  J     « 

Eegnault.  16. 

1'    Hard  French.  Tube. 

00003142.      " 

«    Globule 

00002242.       " 

«     Crystal.  Tube. 

.0000a  101.      » 

"       Globule. 

.00002330. 

.     Globe.                    1 

.00002304.       « 

.00002349.       " 

■1      Common  tube. 

.00002579- ni.ofl2.o°-i=. 

«     Common. 

.0000276.      o'-ioo". 

»      fCrystal  Glass  from 
«     \    Ohoiay  Ic  Koi. 

.0000305.      o^-soo". 
.0000228.      o°-ioo°. 

Eegnault.  W.  D.  8.  71. 

.0000233.      o°-300°. 

1.     White  French. 

.000025531.  o'-ioo". 

Kopp.  23. 

"     Soft  aoda  glass. 

.000026.             ] 

„         «         «         n 

.000024. 

Kopp.  31. 

"     Hard  potash  glass. 

.000021. 
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Glass. 


"     From  St.  Gobaiii. 
n     Soft  Thuringian. 
Bayoux  Porcelain. 


CoefT.  of  Expansion. 

.0000277.  o'^-ioo". 
.00002331.  40°. 
.00002566.  O°-i0O°. 
,0000305. 
.0000359. 

.0000108.  ©"-Sfo". 
,0000108.  o^-ioo'. 


Mendekjeff.A.C.P.li9.1. 
FiKCau.     49. 
Matthicssen.  50. 

I  Weiiihold.  P.A.149.  186. 
I  De\'ille  &  Troost,    W.D. 


X.    Miscellaneous  Ikoegakic  Bodies. 


Name. 

'      Coeff.  of  Expansion. 

Authority. 

Ammonia,    N  Hj. 

00146.  10'.                             1 

« 

00166 

io<'.4. 

Jolly.    A.  C.  P.  170. 190. 

00190 

_io°  to  —5'. 
—5°  to  0°. 

o^-S". 
5°-io°. 

D'AndieSfF.    39. 

„ 

00230 

lo^-is". 

00240 

fMuncke.  8.  Yol,  given 

Aqua  ammonia. 

00044069.  o°-45°. 

-j  at  every  degree  from 
[     .-15°  to  +45°. 

Aqueous     hydrochloric 

Munuke.  8.  Vol.  given 

acid. 

0005635;.  o=-45°. 

.|  for  every  5°  from 
[     -20°  to  +46°. 

Cyanic  acid.     L. 

0003300.  —20=  to  —14°.    1 

11           « 

0008450.  —3"  to  0°. 

i    J.  21.  314. 

Chi  oroni trie  acid. 

.0020091.  o°-6°.                   1 

Baudrimont.      J.  F.  P, 

.00356 

48.  6°.4-i8°.4.            > 

31.  478, 
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Name. 

Authority, 

Lead  and  tin. 

Pb  Sn^. 

00007188.  O°-IO0°. 

Matthiessen.    51. 

Pb,Sn. 

00008419, 

Lead  and  cadmium. 

PbCd. 

00009138.  oVioo". 

Matthiessen.    51, 

Lead  and  bismuth. 

Pb,  Bi. 

00008621.  o'.-ioo". 

Matthiessen.    51. 

Pb  Bi„. 

00004086,              B 

« 

Lead  and  mercury. 

lvol.Pl>ivitli2vol3.Hg 

OOOI25I5. 

Kupffer.  A.  C.  Phys.  (2). 
40.  285. 

1             B             3         « 

00012884, 

ii       '                <. 

1           "           4       « 

00013291. 

« 

Silver  and  copper. 

86.1  per  cent,  silver. 

00005436.  o°-ioo°. 

Matthiessen.    51. 

71.6 

00005713. 

Silver  and  platinum. 

66,6  per  cent,  silver. 

00004568,  o"-ioo°. 

Matthiessen,    51. 

Silver  and  gold. 

Ag,  Au. 

00005166.  o^-ioo". 

Matthiessen.    51. 

Ag  Au. 

00004916,            ir 

«               « 

Ag  Au^. 

00004300.       « 

<r 

Copper  and  gold. 

66.6  per  cent.  gold. 

00004657.  O°-10O°. 

Matthiessen.    51. 

Copper  and  zinc. 

Brass.  71  per  cent.  Cu. 

.00005719,  o°-ioo'. 

Matthiessen,     51. 

Zinc  and  tin. 

Zn  Sn,. 

.00007184,  ©"-ioq". 

Maltliiesscn.     51. 

Zn  Sn,. 

,00007058.       « 

« 

Tin  and  bismuth. 

Sn,  Bi. 

,00005098.   O'-IDO". 

Matthiessen.    51. 

Sn  Bi«. 

,00004064, 

Tin  and  gold. 

Snj  Au. 

.00004233.  o'-ioo°. 

Matthiessen.    51. 

Sn,  Au,. 

.00004428.      " 

Tin  and  mercury. 

Suj  Hg. 

,0000998, 

Kupffer,  A.  C,  Phys,  (2). 

4i\  2^5. 

Sn,  Hg. 

,000103. 

SnHg. 

,000122. 

1. 

Sn  Hg,. 

.0001313. 
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N.„.e. 

Coeff.  of  Expansion. 

Authority. 

1  vol.  Sii  to  1  vol.  Hg 

.000119576. 

Kupffer.  A.CPhys.  (2). 
40.  285. 

.ocx)r4055. 

1         «         8       « 

.0001245. 

X 

Lead,  tin,  and  bismuth. 

.00002304.  o^-se". 

fSparta  Bi,  1  part 
X     Pb,  :  part  Sn. 

—.00008387.  o°-62''. 

— .ooD  10304,  o°-69°. 

— .00008146.  o''-75°. 

Erman.    4. 

.0000005747.  o°-87°. 

,0001793.  O°-I0O°. 

.00017475.    O°^2O0°. 

00003143.  o''-7o°. 

—.00005611.  o°-gs°. 

Kopp.    A.O.P.   93. 329. 

0001104.  o°-ioo°.                  i" 

Volume  given  for  every 

"                        .0001411.  oViio°.                 J 

10"  from  0=  to  1 10°. 

XII.    IIydbocarboxs. 


Name. 

Formula. 

Coeff.  of  Expar 

sion.                        Authority. 

Butyl. 

(0.  H,],. 

.001404.     O^-IOO 

Kopp.  35,  Second  paper.  Values 
°.     .      given  for  intermediate  t°'a. 

.<x.,44i.    o^'-iio 

Kopp.  23.     Second  paper.    Vol. 

.001317.    o°-75'' 
-001343-    o'-Ss" 

given  for  every  5°  from  0°  to 
85". 

" 

.001205.      0°-20'' 

« 

.001250.    o°-4o'' 

Louguinine.    54.    Vol,  given  for 

every  5"  from  0°  to  80°. 

-0013375.    o^-So 

Pisati  &  Patemo.    C.S.J.    (2). 

" 

.00131.    o'-75°. 

12.  686.     Volume  also  given 
atl5°,  25",  aiidSO". 

Toluol 

C,H, 

.001060.      0°-20° 

" 

0010975.    o=-40 

0'        Louguinine.    54.    Vol.  given  for 

001171.     ©"-So" 

every  10=  from  0°  to  100=. 

.001206.    o=-ioo 

Xylol, 

C,  H„. 

000985.     o^-so" 

„ 

Louguinine.    54.    Vol.  given  for 

.001081.     o^-So" 

ever>'  10°  from  0"  to  lOO''. 

« 

001113.    o'-ioo 
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Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Pisati  &  Paterno. 

C.  S.J.  (2).    12. 

Cumol. 

C,H,,. 

0010907.     0^-100°. 

686.       Volume 
given  at25°,50°, 
and  75". 
Kopp.  35.  Volume 

Cymol. 

0,0  H,. 

001028,     □"-loo". 

given   at  inter- 

0011661.    o^-r8o°. 

mediate     tem- 
peratures. 
Pisati  &  Paterno. 

.000954-     o'-so". 

C.  S.J.  (2).    12. 

.00,02389.    0-^100=. 

686.  Values  giv- 
en for  every  5°. 

■1    From  cummin  oil. 

" 

.000920.     o°~id'. 
.000946.    o°-40°. 
.0009725.    o^-eo", 
,0009855.    o°-8o''. 

Louguinine,      54. 
Vol.  given    for 
every  10=  from 

0"  to  locr. 

Louguinitie,     54. 

n         cc     camphor. 

.0009512.    o°-4o''. 

Vol.  given   for 

.0010581.     o'-ioo". 

every  10°  fi'om 
0°  to  100°. 
Kopp.  85.  Second 

Naphthaline.    L, 

10  H,, 

.0007836.  79°. 2- 100°. 
.0010021.  79" .2-220°. 

paper.      Inter- 
mediate values 
given. 

Terebene. 

C,oH,,. 

.000896554.     0". 
.001327673.     161". 

Pierre.  26  and  30. 
Prankenheim,  J, 

Oil  of  turpentine. 

" 

.0010346.    o'-iso". 

1,  68. 
Kopp.  A.  C.  P.  93. 

—.00088.  —10"  to  0". 

129.  Vol.  given 

« 

.001051.     o°^ioo-. 

for     every     5° 

.001062.     o'-l  10°. 

from— 10=  to  + 
110". 

«             « 

.00085019.     o''-40°. 

« 

" 

.00095838.    o''-8o°. 

Hirn.  52. 

.00103773.     0°-I20''. 

" 

.03111478.  o'-ieo". 

Gladstone.  C.  S.  J. 

"             " 

,00066,  to  ,00068. 

(2).  10,  1, 
Frank  cnheim.  J. 

«     citron. 

.0010227,    o'-iSS"- 

1.68,  Two  sam- 

« 

.0010368.      0°-120°. 

ples. 

n     rosewood. 

C,j  H„. 

,000642,  to  .00065. 

Gladstone,  O.S.  J. 
(2),  10.  1. 

=iGoogle 


CUBICAL  EXPANSION  TABLES. 


Nam.. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Miincke.  8.  Vol- 

Ecctifled petroleum. 

.00111576.  o°-9;°- 

ume  given  for 
every  b"  from 

Frankenheim.  P. 

Petroleum. 

.001039.      O'-EOO".        1 

A.  72.  422-  Vol. 

" 

.0010669.    o^-iao". 

given  for  every 
5°. 

XIII.    Compounds  Consistikg  of  C,  H,  and  O. 


Name.               Formula. 

COkS.  ai  Expansion. 

Authority. 

Methyl  alcohol. 

CH.O. 

001131647-— sr'.ggl 
001348109.  69^.38.  1 
001109738.-35". 
001185570.    0°. 

Pierre.    20. 
Pierre.    21  and  26. 

001491250.    63°. 

Kopp.  23.  Va!iips  given 
for  iiitormeuiato  tem- 

.0012483.    o"'-6o'>. 

peralures. 
Kopp.  3i).  Values  given 
for  intermediiite  tcm- 

Ethyl  alcohol. 

C,  H,  0. 

,00129.    lo'-^o". 
.0007184.  -50°  too". 
.0010879.    o°-5o°. 
.0011328.    o'>-70=. 

.0005418.  -loo'too?! 
.0011383.    o'>-70=.     J 

[    peraturea. 

Duprc.  P.  A.  14S.  236. 

Muncke.  8.  Vol.  given 
for  evei-y  degree  from 
-50^  to +70°. 

Muncke.  10.  Every  de- 
gree given  from  -100° 
to  +70". 

.0010503.    o°-3o''. 
.0010313.  o''-3o''. 

I 

.000994456. -ss"- 22.  ' 
.oo[i94785.    76°.73.  ^ 
.000944782.  -30°. 
.001048630.    0". 

Pierre.  20. 
Pierre.  21  and  26. 

„ 

I.001347576.    78°.  3,  J 
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N.„=. 

Formula.    '  Coeff.  of  Expansion 

Authority. 

Ethyl  alcohol. 

C,  1-1,0. 

.0011246,  o'-so". 
,0012169.  o^-So"- 

Kopp.23.Vol.giTeu 
for  every  5°  from 
0"  to  SO". 

"             " 

« 

.0012957.  o^-gg-.S?. 

Meiidelejeff.    A.  C. 

cl                    <l 

.0014477.  C-iso-.g. 

P.  119.  1. 

.0010700.  o°.-30°. 

V.  Baunihauer  &  v. 
Moorsel,  P.  A. 
140,  361.  Vol.  giv- 
en for  every  5°. 

«              n 

.001085855.  o'-so".    ■ 

.0012734849.  O^-IOO? 

" 

.0016049..  0--I50",       /^*^^-     ^2. 

"              " 

.0023832443.  o''-20O? 

Propyl       « 

C,  Hj  0. 

.0010600.  o''-5o°. 
.0011633.  o'-98°. 

Pierre    &    Piichot. 

A.  C.  Phys.  (4). 
22.  234. 

Pierre    &    Puchot. 

Butyl 

a  H„  0. 

001160.    o'-ioo". 

A.  C.  P.  163.  268. 

001189.    o''^io8°. 

Vol.    given     for 

Amyl 

C;  Hi,  0. 

000878287.  -15°. 

every  10°. 

" 

000890011.  0°. 

rierre.    21  and  26. 

001339328.  100°. 

"           " 

001606382.  131°, 8. 

^      „        !  Kopp.    23.   Second 

"           " 

0009594.  o'-so". 
0012066.  o°-i35°. 

paper.  Vol.  given 
for  every  5°  from 
0°  to  135". 
Kopp.    35.  Values 

"           " 

" 

001088.     O°-I0O°.       1 

given    for    intcr- 

. 

001277.    0^-140^ 

niedialo  temper- 
atures. 

«            « 

f  1 

0008745.  o°-5o''.    1  ■ 

■■a  1 

„ 

0010642.  o^-loo".  [ 

Erlenmeyer&Hell. 

« 

ss 

" 

001188.      0"-120°.  J 

A.  C.  P.  160.  257. 
Values  given  for 

n              n 

=   ai 

0009514.  o''-5o''.    j 

volume  at  inter- 

«             r. 

.S  '3 

0010739.  o''-ioo°. 

mediate  temper- 

" 

S' 

0011323.  o'^-rao".  ]  J 

atures. 

Amylene  hydrate. 

0,  H,,  0. 

00085.      o''-i8'=. 

Wfigner  &  Saytzeff. 
A.  C.  P.  179.  320. 

Trimethyl  carbinol. 

Ci  H,„  0. 

00136.      so'-jo". 

Butlerow.  A.  C.  P. 
162.  228. 

Hydrate  of  trimethyl 

carbinol. 

C,H,„0),H,0 .00108.      o^-so". 

■    , 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Diethyl  carbinol. 

G,  H,j  0. 

0O.O3.    o.-,r. 

Wagner  &  Saytzefi', 
A.  C.  F.  179.  320, 

Dimethyl    pscudopro- 

pyl  carbinol. 

Ce  ir,.  0, 

00099.      o"-5o°- 

Priaiiichiiickow.  A, 
C.  P.    1C2.  69. 

Muncke.    8,     Vol. 

Etliyl  oxide. 

C,  Hio  0. 

001441.   -21°  too". 

given  for  every  5° 

" 

001 5881.  o''-40°. 

from -21°  to +40° 

001470095.  -iS°-3^-' 

Pierre.  20. 

" 

001629718.  iS'-H".  ^ 

Kopp.   23.    Second 

001518.      o'-io". 

paper.  Vol.  given 

for  every  5°  from 

001636.      o'>-35=. 

0°  to  35°. 

001513245.  0". 

Pierre.  26. 

001832171.  35°.s.      , 

Mendelejeff.    A.  C. 

^ 

002095.    o°-99°.82. 

P.  119.  1.    Other 

" 

" 

002697.    o''-i57''. 

values  given. 

Formic  acid. 

C  H,  0,. 

0010120.    o°^25''. 

Kopp.  23.    Second 

0010388.    o°-50-. 

paper.      Volume 

0010731.    0°  75°. 

given  for  every  5° 

0011241.    o''-io5=. 

from  0°  to  105°. 
Kopp.  23,    Second 

Acetic       " 

C,  H,  0,. 

0010902.    o''-5o°. 

paper.  Vol.  given 

for  every  5°  from 
0°  to  120°. 
Kopp.  35.    Second 

Propionic  iicid. 

C,  H„  0,. 

.001192.       o^-ioo". 

paper.  Vol,  given 

.001290.       o'-iso". 

for    intermediate 
temperatures. 
Kopp.  23.    Second 

Butyric    acid. 

C,  Ila  0,. 

,0010878.     o°-so°. 

.  paper.  Vol.  given 

,0011565.      O°-lO0°, 

for  every  5°,  from 

.0012749,     o^-ifio". 

0°  to  160^. 

« 

,001025720.  0". 

Pierre,    2«. 

,00159895s.   163"'.   J 

i 

„ 

,001144695.       100°, 

Pierre,     29. 

Isobutyric  « 

„ 

,001092.    o''-5o°. 
,001166,     'o'-loo". 

Morkownikoff.    A. 

C.  P     138,  368. 

1 

Kopp,  35.    Second 

Valeric       « 

C,  H„  0,. 

,0011060.     o^-loo".    , 

paper.    Interme- 

,c«i27i7,   o=-i8o''. 

diate  values  given 
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CUBICAL  EXPANSION  TABLES. 


Name, 

Formula. 

Coeff.  of  Expansion 

Authority. 

Valerie  acid. 

From 
isobii 
tyl  cy 

Cj  H,„  0,. 

.0010056.   o°-5o°. 
.0010794.   o°-roo". 

aiiide 

.0011132.   o''-120°. 

Erlcnmeyer&Hell. 

From 

.0010008.   o'-so".   ) 

A.C.P.   IGO.  257. 

In.™ 

.0010775.   o°-ioo=. 
.0011098.   o^-izo^.J 

Volumes  given  for 

From 

.00100548.   ©"-so-.l 

every  10". 

o                i( 

fusel 

.0010816.    0°-100°. 

«                   B 

oil. 

0011157.  o^-iao".] 

Trimetliylacetic  acid. 

00112      so''-75-. 

Butlerow.    B.  D.  C. 

75''.-ioo''. 

G.    7.  728. 

Stearic  acid. 

C„  H^  0,. 

00052 
00066 
00115 
00475 

9°2-33?8.1 
33°8-45°5- 
4S°S-6i?2. 
6i°2-66°5.J 

00060 

9°2-33f8.] 

Kopp.  A.  C.  P.  98. 

« 

00081 
00117 

33°8-4S°S- 

45^5-6 1°2.  r 

129. 

" 

00347 

6i?2-66°5.J 

(E^tpansion   In 

10088 

L  fusion  ai  70=.  J 

1 

Kopp.  35.    Values 

Acetic  anliydride. 

0.  Ha  Oj. 

0013450.     o'-loo^ 

given     at     iuter- 

« 

0013257.     o''-i40^. 

mediate  temper- 

J 

atures. 

j 

1 

Kopp.  2S.    Second 
paper.  Vol.  given 

Metliyl    formate.           '■    C,  11,  0,. 

0014413.     o^-lS". 

a 

0015514.     0^-35". 

for  every  5". 

Ethyl 

C,  H„  0,. 

001236497.    -32''.43. 
00T522943.    6i°.54-. 

Pierre.    20. 
Kopp.  23,    Second 

" 

0013924.    o'-as". 

paper.  Vol.  given 

0014891.    o°-55''. 

for  every  5°. 

I                 I 

« 

001325305.    0". 
001679323-     S2°.9- 

Pierre.     26. 
Pierre    &    Pucliot. 
A.  C.  Phys.     (4). 

Tropvl 

C.  Hj  0,. 

001305.    0^-50^ 

22.  234.  Interme- 

0014123.    o°-82'>.;. 

diate  values  also 
given. 
Pierre    &    Puchot. 

Butyl 

Cs  H,„  0,. 

001340.     o°-5o=. 

A.C.Phys.(4).22. 

0013655.     o--^8''.5. 

234.     Intermedi- 

i 

1     ate  values  given. 
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CUBICAL  EXPANSION  TABLES. 


Propyl 
Butyl 


Hrayl      "  I   CsHijO, 

Ethyl  propionate     Cj,  Tin,  ^i 


Propyl       «  C,H„0,. 


Methyl  b-jlyrate.,    CsHwO,. 


o"-!  24=75. 


239896.  0°. 
.001776201.  102°. I. 


Pierre.    21  &  26. 

Kopp.  23.  Second  paper. 
Vol.  given  for  every  5°. 

Pierre.     21  &  26. 

Kopp.  23.  Second  paper. 
Vol.  given  for  evet7  5°, 
from  0°  to  75°. 

Frankcnheim.  P.  A.  72. 
422. 

Pierre  &  Puchot.  A.  C. 
Phys.  (4).  22.  234.  Vol. 
given  at  intennediate 
temperatures. 

Chapman  &  Smith.  C.  S. 
J.    22.  IGO. 

Pierre  &  Puchot.  A.  C. 
Phys.  (4).  22. 234.  Val- 
ues given  for  interme- 
diate temperatures. 

iKopp.  35.   Intermediate 

I     values  given. 

jWanklyn  &  Erlenmeyer, 

I    J.  16.  522. 

Kopp.  S5,  Second  pa- 
per. Intermediate  val- 
ues given. 

"Pierre  &  Puchot.  A.  C. 
Phya.(4). 22.234.  Inter- 
mediate values  given, 
ierre  &  Puchot.  A.  C. 
rhys.(4). 22.234.  Vol. 
given  at  intermediate 
temperatures. 
Pierre  &  Puchot.  A.  C. 
Phys.  (4).  22.  234.  Vol. 
given  at  intermediate 
temperatures. 

Pierre.    21  &  26. 


.yGoogle 


CUBICAL  EXPANSION  TABLIS. 


I  Coeff.  of  Expansio 


Methyl  butyrate 

C,  H„  0,. 

.0013108.  o"-5o=. 
.0014750.  O°-100°. 

Kopp.  23.  Second  paper. 

«             <( 

" 

Vol.  given  for  every  5°. 

Ethyl 

C,  H„  0,. 

.001202792.  0°. 
.001534408.  119°, 

Pierre.    21  &  26. 

I              I 

.0012457.  o°-40°. 
.0013441.  o''-8o°. 

Kopp.  23.  Second  paper. 

.< 

.0014553.  o=-ii5=. 

Vol.  given  for  every  5°. 

Pi-opyl         <i 

C,  Hi,  Oj. 

.001210.  o^-so". 

Bierre  &  Puehot.    A.  C. 

0            u 

Bhys.  (4).22.234.     Vol. 

.0014237.  o<'-i35°. 

given  at  intermediate 
temperatures. 

Butyl 

Cb  H,s  0,. 

ooiioo   o°-i;o' 

Pierre  &  Puehot.    A.  C. 

001240   o^-ioo" 

Phys.{4).22.234.     Vol. 

^ 

.0014007.  o^-Hg^s 

given  at   intermediate 

temperatures. 

Arayl 

C,  H,s  0,. 

.oonoo.  o"-5o°. 

Pierre  &  Puehot.    A.  C. 

.001190.  o^-ioo". 

Phj-8.(4).22.234.  Inter- 

.0013594. o°-i7o''.3.  _ 

mediate  values  given. 

Methyl  valerate 

Cs  Hi,  0,. 

.0O122I.      O^-SO". 

Kopp.  23.  Second  paper. 

«             « 

.0013503.  o^-ioo". 

.001410.       0''-I20°. 

Vol.  given  for  every  5" 

11             « 

cc 

from  0=  to  120°. 

.001208.  o°-5o=. 

Pierre  &  Puehot.    A.  C. 

" 

,001334.  o^'-ioo-. 

Phys.(4).22.234.  Inter- 

« 

.0013872.  o--ii7''.5. 

mediate  values  given. 

Ethyl 

C,  H„  0,. 

001166.  o''-5o°. 

001295.  O"^J0O°. 

Pierre  &  Puehot.    A.  0. 

Phys.(4).22.234.  Inter- 

« 

11 

0014022.  0-  i35=.5.  _ 

mediate  values  given. 

Propyl         .1 

Ca  H,«  0,. 

001306.  o'-ioo". 

Pierre  &  Puehot.    A.  C. 

Phy3.(4).22.234.    Vol. 

" 

0014178.  o°-i57=.      1 

given  at  intermediate 
temperatures. 

Butyl 

Cj  His  Oj, 

001064.  o''-5o°. 

Pierre  &  Puehot.    A.  C. 

001153.  oMoo^       [ 
0012953.  o''-i73''.4. 

Phys.  (4).  ffi.  2S4.   Vol. 

given  at  intermediate 
temperatures. 

Ainyi           « 

C,„  H„  0,. 

001117    o^-ioo'         1 

Kopp.  35.  Volumegiven 

0013247.  o°-i90°.     1 

at  intci-mediato  tem- 
peratures. 

„               „ 

000980.    o°-5o°. 
001 1000.  ©"-lOO'.      I 

Pierre  &  Puehot.    A.  C. 

„ 

Phys.  (4).22.234.    Vol. 

0013079.  0^-190°. 

given  at  intei-mediate 

temperatures. 

Butyl  glycol 

C,  Hi„  0,. 

00073.  o=-i7''.5. 

Grabowsky&Saytzeff.  A. 
C.  P.  179.  333. 

Amyl       .1 

C,  H„  0,. 

00077.  o°-i9°. 

Wagner  &  Saytzeff.    A. 

_1 

C.  P.  179.  309. 

=iGoogle 
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Name. 

Formula, 

Coeff.  of  Expansion. 

Authority. 

Aniyl  glycol. 

Cb  H,5  O5. 

00076.  o°-2i°. 

Flavitzky.  A,C.P.179.353 

Acetic  aldehyde. 

C,  II. 0. 

001616.  o'>-io°.         ] 

Kopp.  23.  Second  paper. 

„ 

001686.  o^-so".         J 

Vol.  given  for  every  5°. 

001653523.  0°.           1 
001121090.  22°.         J 

Kerre.    26. 

Propionic  " 

Cj  He  0. 

001600.  d'-io".         1 
001650.  o''-4o°. 
001674.  "0^46°.         J 

Pierre  APuchot.    A.  C.  P. 

« 

155.  362. 

Butyric  aldehyde 

C.    Ilg   0. 

001350.      0°-2O°.         1 

Pierre  &  Puchot.    A.  C. 

«             'I 

001462.     o=-40°.         !- 

P.    155.  S(S2. 

001606.    o''-62''.       J 

Valeric 

C,  H,„  0. 

001452.     o°-ioo''. 

Kopp.  35.    Intermediate 
values  given. 

0012625.  oV°- 

Pierre  &  Puchot.    A.  C. 

P.    155.  362.  Interme- 

«            " 

0014454-  o'-gz"-  5- 

diate  values  given. 

liesyl          "      /5 

C,  Hi,  0. 

001152.    o^-jo-'. 

Wanklyn  &  Erlenmeyer. 
J.    16.  522. 

Acetone. 

Oj  He  0. 

001405.      0°-30°. 

Kopp.  23.  Second  paper. 

„ 

.001471.    o''-4o°. 
oot5463.  o=-fe°. 

Vol.  given  for  every  5° 

„ 

from  0°  to  60°. 

Diethyl  ketone. 
Ketone  from 

c,  a,a  0. 

.00116. 

0-^19=. 

( Wagner  &  SaytzefF.    A. 
\     C.  P.    179.    323. 

amylene 

00119.. 

Oxalic  acid. 

0^a0.2H,0 

.00027476.  o^-ioo". 

r,   1 

Playfair  &  Joule.    27. 
Kopp.  35.  Second  paper. 

Mcthy!  oxalate. 

C.  H,  0.. 

.0011560.    5o°-ioo°.  1 
.0012683.     5o°-i7o".J 

Intermediate       values 
given. 

Etliyl 

C,  H,,  0,. 

.001200.     o°-ioo".    I 
.0013994.    o'-igo".   J 

Kopp  35.     Intermediate 

„ 

values  given. 

.001094.    o°-ioo°. 
.0013323-  o'-2ao'. 

Kopp.  35.  Second  paper. 

«      succinate 

C3  Hi,  0,. 

Intermediate       values 

given. 

Knacolin.     Syn 
tlietic 

Cj  H„  0. 

.00122.      o°-5o°. 

Butlerow.    A.  C.  P.    174- 

«          From 

127. 

acetone 

« 

.00117.      o''-5o'.      . 

Methyl  amyl  pi 

nacolin. 

C,  H,.  0. 

Butyl  ethyl  pina- 

WichnegrndHky.     B.   D. 

colin. 

.00109.      o°-2i°- 

C.  G.  8.  541. 

Ethyl  amyl  pina 

coljn. 

C^H.^O. 

.00098.         0°-21°. 
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CUBICAL  EXl'ANSIOSf  TABLES. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Etliyl  carbonate 

C5  H„  O3. 

.001322.     O^-IOO' 
.0014054.  o°-i3o° 

Kopp.  35.  Second  paper. 
Intermediate       values 

<i  cinnamate. 

C,i  H,5  O5. 

.000889.     o^-ioo" 
■0010893.  0''-270<' 

Kopp.  35.  Second  paper. 

Intermediate       values 

given. 

Methyl  benzoate 

C,  H,  0,. 

.001005.     o''-ioo° 

.001168.      O=-2O0° 

1 

Kopp.  35.  Vol.  given  at 
intermediate  tempera- 
tures. 

Ethyl 

C,  H,,  0, 

.000975.    o^-ioo" 

} 

Kopp.  35.    Intennediate 

«            « 

" 

.001376.      0'-2IO'' 

values  given. 

Amyl         " 

c„  n„  0,, 

.000910.     O°-I0O° 

} 

Kopp.  35,    Intermediate 

.0011193.  o°-27o° 

values  given. 

Methyl  homoto- 

luylate. 

C„H,0,. 

.0009286.  o°-49''. 

Erienmeyer.  J.  19.  866. 

Ethyl 

C„  H„  0,. 

.0008592.  o°-49°. 

J.  19.  367. 

Amyl             <i 

C.H,0,. 

.0006133.  o°-49°- 

Diethyl  oxyben- 

zoate. 

C„H„0,. 

.000735. 

Heintz.  A.C.P.  153.  332, 

Methyl  saJicylat* 

C,H,0,. 

,000909.     o^-ioo" 

} 

Kopp.  35.    Intermediate 

" 

" 

.0010704,  d'-2y,° 

values  given. 

Benzoic  acid.  L. 

C,JI,0, 

.0009634.  121^.4-2 

so". 

Kopp.  35, 

Alpha  toluic  acid 

0,H,0, 

.000825,    83=-i35 

MoUer  &  Strcoker.  J.  12. 
29i). 

Benzoyl  hydride. 

C,  Hj  0. 

,000939.    9''-ioo'' 

} 

Kopp,  35.    Intermediate 

« 

.0010535.  o°-i8o. 

values  given. 

Benzyl  alcohol. 

C,  H,  0. 

.000866.    o'-ioo" 

} 

Kopp.  35.    Intermediate 

« 

" 

.0010148,    0°-2I0'' 

values  given. 

Phenol. 

Cj  IIj  0. 

000841.     O°-lO0° 

000983.      0°-200° 

Kopp.  35.  Second  paper. 

Intennediate        values 

given. 

Xylenol.    L. 

C,  H.„  0. 

000868.    o°-i\°. 

Wurtz,  A.  0.  Phys.  (4) 
25.  118. 

Cuminol. 

C„  H,5  0. 

000898.     o'-ioo" 

} 

Kopp.  35,    Intermediate 

" 

0010958.   0°-240° 

values  given. 

Trietliyl  ether  of 

propyl  phycite. 

C,  H,„  0.. 

001129.    o''-84''. 

Wolff,    B.  S.  C.  13,  150. 

Cane  Sugar. 

C„  H,,  0„. 

0001 116.  o^-ioo' 

Playfair  &  Joule.    27. 

Lactose. 

Ci,  H„  0„. 

00009111.     « 

Stearine. 

Cj,  H„„  Oj. 

0008433.    o^-go" 

~} 

Kopp.   A.  C.  P.   93,   129. 

" 

04963.1niiiddngat6c 

Vol  given  for  every  10°. 
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Name. 

Formula. 

Coeff.  of  Expansion 

Authority. 

Beeswax. 

Olive  Oil. 
Almond  Oil. 

.000637.  io°-25°7-l  ■ 
.001098.  25°7-30°8 
.001439.  30°8-43°i  * 
.004558.  43°i'-47°i 
.000743-  io°-2S°.7. 
.000772.  25°7-30°8 
.001473.  30?8-43°i 
.004578.  43°i-47°i , 

.0042  2  .In  md  ling  al  64° . 
.000803.     O'^-IOO". 
.0008242.   0''-I20°. 
.000629. 

.000787.     0°-I00°. 
.000794.      0°-I20''. 

Kopp.  A,  C.  P.    93.  129. 
Two  series  of  determiiia- 

Kopp.  A.  C.  P.  93.    129. 

Vol.  given  for  every  5°. 
Stillwell.    Am.  Chem.  1. 

40S. 
Munckc.    8.    Vol,  given 
J-      for  every  5= 

XIV.    Compounds  Consisting  op  C,  H,  N;  oe  C,  H,  N,  O. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Methyl  cyanide. 

C  Hj.  C  N. 

00145125-     o''-8o'. 

Kopp.  So.  Third  pa- 
per. Intermediate 
values  given. 

Isobutyl 

0.  H,.  0  N. 

0011380.     o'^-so'. 

Erlenmeycr  &  Hell. 
A.  C,  P.      160.    257. 

1:                 n 

u 

" 

.0012577-    o^-iao'. 

given. 

AUyl 

C>H,.ON. 

,0014315.  o^-gs"- 

Lieke.    A,  C.  P.     112. 

Phenyl        ,  « 

C,  Hs  0  N. 

.000961.     o^'-loo". 

Kopp.  35.     Third  pa- 

«             . 

.0011045.     o°-200'. 

valuee  given. 

1 

Kopp.  85.    Third  pa- 

C, H,  N. 

,000915.    oMoo".     I 

per.      Intermediate 

.0010147.     o^-igo".   J 

values  given. 

Coniine.    Natural. 

C,H.,N. 

.001011.    o°-90=.       1 

SchifF.  A.  C,  Phys,{5), 

«         Artificial 

" 

,0009333,       «            ) 

Ethyl  nitrate. 

C,  H5.  N  Oj 

.0014111.    o^-go". 

Kopp.  35.    Third  pa- 

per.     Intermediate 

values  given. 
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Biityl  nitrate. 
Nitrobenzol, 


CUBICAL  SXPANSIOlf  TABLM. 


Formula.      Coeff.  of  Expar 
Ci  H,.  N  Oj 


Autbority. 


Chapman  &  Smith.  C. 
J.    22.  153. 

Kopp.  35.  Tliird  pa- 
per. Intermediate 
values  given. 


XV.    Chlorinated  Organic  Compounds. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Ethyl    chloride. 

C,H,C1. 

.001660556.     26=.4-i. 

Pierre.    20. 

.. 

.001574578.    o". 
.001642177.     11°.       _ 

Kerre,    26. 

.001482.    0°. 

Drion.  A.  0.  Phys.  (3). 

.002045.     5°°- 
.003350.     100°. 
.005031.     130?. 

66.  5.    Value  given 
for  every  10". 

Pierre*,  Puchot.  A.C. 

Propyl         n 

C,H,C1. 

.001388S.    o'-ss". 

Phya.   (4).    22.  234. 

.0014645.     o''-46°,5. 

Intermediate  values 
given. 
Pierre  &  Purhot.  A,  C. 

Butyl 

C,  H,  CI. 

.0013360.    o°-5o°. 

Phys,    (4),     22.  2,34. 

" 

" 

.0014217.    o'-Cg". 

Intermediate  values 
given. 

Amyl 

C;  H„  CI. 

.00.173742.    0".        1 
.001362651.    ioi°.7SJ 

Pierre,    26. 

"              " 

" 

.001171550.    □".         1 
.001693327.    ioi°.7S-J 

Pierre.     30. 

Diethyl         carbinol 

f 

chloride. 

ooni. 

1  Wagner    &  Saytzcff. 

Amylene       hydro- 

1      A.  C.  P.  179..  321, 

chlorate. 

,1 

[ 

Methylene  chloride. 

CH.CI,. 

00137.     0=-20'=. 

Butlerow.  J.    22.  843. 

Ethylene          « 

C,H.C1,. 

001084043.    -30°.    1 

a                     (1 

001118932.    0°. 

Rerre.    24. 

001530055.    84''.92-J 

Kopp.  35.   Second  pa- 

Butylene         " 

C,  Ha  CI3. 

0011940.    o'-ioo°. 

per.      Intermediate 

"                 " 

" 

0012392.    o''-i30=. 

values  given. 

Chloroform, 

C  H  CI3. 

001107146.    0°.        1 

Pierre.     Sfi. 

OOI4S8703.    63°.;.    J                  "" 
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CUBICAL  EXPAmiON  TABLES. 


Name. 

Formula. 

Coiff.  of  Expansion. 

Authority. 

Chloroform. 

C  H  CI,. 

.001488689. 

6f.i. 

Pierre,    30, 

Chlormated  ethyl  chlor- 

ide. 

C,  H.  CI,. 

.001290718. 
.001544953. 

0°, 
64°.8, 

Pierre.     26&29. 

Dichlorinated  « 

C,  Ha  Clj. 

.0011 74820. 

74°-9- 

.001611246. 

Pierre.    26  &  29. 

Chlorinated  ethylene 

chloride. 

C,  Hj  CI3. 

.001056414. 
.001399361. 

0". 
100". 

Pierre.    29. 

,001431 592. 

1 14°.2. 

Pierre.    26. 

Dichlorinated «         « 

C,  H,  CI,. 

.oc»S3s620, 
.001335024. 

i3S''.6.} 

Pierre,    80. 

Pentachloro  dimethyl. 

C,  H  CI,. 

.000899044, 
.001452752- 

Z.S.} 

Pierre,    30. 

Monocbloro  benzol. 

C,  H,  CI. 

.00116. 

Jungfleiaoh.  J.  21. 
343. 

TrichlorohenBol.    L. 

0,  H3  CI3. 

.000989, 

J.  21. 

350. 

Chloral. 

C,  H  CI,  0. 

.001298,    0" 

-100°. 

Kopp,  35.  Second 
paper.       Inter- 
mediate values 

Acetyl  chloride. 

C,  H3  CI  0. 

.0015167.    0 

°-6o'. 

given, 
Kopp.  35,  Second 
paper.       Inter- 
mediate values 
given. 

Epichlorhydrin. 

C3  H5  CI  0. 

0006996.    0 

-SO'. 

Darmatjedter.     J. 

21,  454. 
Kopp,  35.  Second 

Benzoyl  chloride. 

C,  PI5  CI  0. 

000930.    0" 

100°. 

paper.       Inter- 

001056.   0' 

200''.      \ 

mediate  values 
given. 
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CUBICAL  EXPANSION  TABLES. 


XVI.    Beominated  Organic  Compounds. 


Name, 

Formula. 

Coeff.  of  Expansion. 

Authority, 

Methyl  bromide. 

C  Hj  Br. 

001408318.  -34°-64.1 
001576164.  27°.76.    > 

Pierre.    20. 

II                    ic 

001415206.  0".           j 

Pierre.    21  &  26. 

«            « 

001559038 

13  ■        ' 

Ethyl 

C,  H,  Br. 

MI  265  548 

-3i°.87.1 

Pierre.    20. 

001490748 

ss^ea  J 

•.< 

001290277 

-30°-      1 

001337628 

0".       y 

Pierre.    21&26. 

001540060 

4o''.7-     J 

Propyl         « 

C,  H,  Br, 

00131S.  o-'-So".         1 

Pierre  &  Puohot.  A.  C. 
Phys.  (4), 22.234.  Inter- 

001393. 0^2°.         J 

mediate  values  given. 

Butyl           'I 

C.  Hj  Br. 

001234.  o-'-So^.         -] 

Pierre  &  Puehot.  A.  G. 
Phys.(4).22.234.  Inter- 

001325. o°-9o°.5.     J 

mediate  values  given. 

Amy!           •• 

C,  H„  Br. 

001023212.  0°.      ,  \ 
001602729.  118". 7.   ■* 

Pierre.     26. 

<i               « 

„ 

001596728.  iiS°,7. 

Pierre.    30. 

Ethylene     - 

C.  H,  Br,. 

.000952696.    20°.09.     1 

.001182181-  100°      [ 

Pierre.    24  &  26, 

.00(453206.  i32",6.   j 

Propylene  « 

C,  lU  Br,. 

.001785.   0'>-20-. 

Friedel  &  Ladenburg.  B. 
S.  C.  8,  146,     Prepared 

.001805.       " 

by  two  processes. 

Methylbromace- 

tol. 

" 

,001620.  o'-ao". 

Friedol  &  Ladenburg.  B. 
S.  C.  8. 150. 

Butylene    brom 

ide. 

0^  Hj  Brj. 

.00082.    0°-20''. 

Grabowsky&SaytzetF.  A. 
C,  P.  17i).  332. 

Amylene 

0,H.,Br,. 

.00093.  o"-i4°. 

Wagner  &  Say  tzeff.  A.O. 
P.  179.  308. 

Allyl  bromide. 

C,H,Br. 

.0007136.  o''-i5''-       \ 
.0011848.  i5''-62°.     > 

ToTlens.    J.  F.  P.  107. 185. 

Bromodicblor 

hydrin  of  pro 

C^HsBrCI^O 

.000782.  3°-i-i7''-5.  ■ 

pyl  phycite. 

.000869.  17^5-36°. 

,1 

.000894.  sfi^-ss". 

Wolff.    B.  S.  C.  13. 150. 

„ 

.000899.  86°^ioo°.5. 

.000895.  3''.i-ioo''.5. 

1 

jooole 


CUBICAL  EXPANSION  TABLES. 


XVII.  Organic  Iodine  Compounds. 


Name. 

Formula. 

Coaff.  of  Expansion. 

Authority. 

Methyl  iodide. 

CH3I. 

001150866.  -35°-43.1. 

Pierre.    20. 

001360369 

ei'.s^.  ■' 

II             II 

001085098 

-35°-      1 

II 

001199591 

0°.          j-  Pierre.    21. 

001446938 

43;.8.     J 

Ethyl        " 

C,  IIj  I. 

001074754 

34°.8i.   1  piei,j.e     20. 

001 264 140 

7i°.86.   J 

«             « 

11 

001018046 

-30". 

<i             II 

001142251 

0°. 

Pierre.    21. 

001480311 

70°- 

Pierre  &  Puchot.    A.  C. 

Propyl 

Cj  II-  I- 

001120.  o°-5o^ 
.001250.  o^-ioo". 
.0012631.  o''-io4°,5. 

Phya.  (4).22.  234.  Vol. 
given  at  intermediate 
temperatures. 

Butyl 

C.  H,  I.  , 

.001078.  o''-5o''. 
.001166.  o°-ioo''. 

Pierre  &  Puchot.  A.  C. 
Phys.(4).22.234.    Vol. 

!            ! 

" 

.0012082.   o''-122».5.    j 

given  at  intermediate 
temperatures. 

.00106182.  o'-so".     1 
.00112499.  o°-9o°.     J 

DeLuynes.     J.  17.  499. 

Vol.  given  for  every  10°. 

Isobutyl    II 

.0010666,  o''-5o''. 
.0011601.  o°-ioo°. 

Erlenmeyer  &  Hell.    A. 

C.  P.  160.  257.      Inter- 

.0011903. o^-izo". 

mediate  values  given. 

Amyl 

C,  ITj,  I. 

.^1112.0^-100=.  ^ 
1 

Kopp.  36.  Second  paper. 
Intel-mediate    values 

■« 

.001204.  o"-i5o'-       J 

given. 

Diethyl  carbinol 

1 

iodide. 

.00089.    0'-20=. 

"VVagner  &  Saytzeif.      A. 

Amylenehydrio- 

C.  P.  179.  318. 

da.te. 

a 

.00097.    0°-20''. 

Hexyl  iodide.  /3. 

G,H,3l. 

.00092.  o'-so". 

Wanklyii  &  Erlenmeyer. 
J .  lo.  oio. 

Methylene  « 

C  H,  I,. 

.0008316.  a.   5°-95°. 

Butlerow.    J.  11.  420. 
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CUBICAL  EXPANSION  TABLES. 


XVIII.    Organic  Compounds  Containing  Sulphur. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authorily. 

Ethyl  sulphide. 

Ci  H,„  8. 

.001196436.  o^           1 
.001721026.  91°.         1 

Pierre.    26. 

Methyl  disulph 

He. 

0,  H,  Sj. 

.001017049.  0°. 
.001440298.  ii2'.r.   _ 

Pierre.    26. 

n 

.000941822.  0". 

Pierre.    30. 

Arayl  mercaptan 

C,  H,,  S. 

.001220.  o-'-ioo".       1 
j- 

Kopp.  35.  Second  paper. 
IntcrmedLate     values 

.0012617.    0°-I20'',       J 

given. 

Ethyl  sulphite. 

O.H,„SO,. 

.000990479. 0°.        1 

<i            i< 

,001257739.  100°-       1- 

Pierre.    25. 

0                     .1 

•001461725.  leo-.s.  . 

«               a 

.0011110.  o^-ioo".     ■) 

Oarius,  J.F.P.  (2).  2. 279. 

B               ir 

.0012486.  o''-i6i°.3.  * 

Other  values  given. 

«  ethylsTiIpho- 

uate. 

C,H.,SO,. 

,0009580.  o°-ioo°.     [- 

Carius.  J.F.P.  (2).3.279. 

.0011265.  o°-2i3''.4.'J 

Other  Viduea  given. 

Methyl    eulpho 

cyanide. 

CH5CNS. 

.000970072.  0°, 
.001494627.  i32''.86. 

Kerre,    26  &  30. 

Cj  H5  C  N  S, 

.0011480,  o-^-ioo".     ] 

Kopp.  35.  Third  paper. 
Intermediate    values 

" 

.0012413.  o^^ijo",     J 

given. 

Cailorosulphuric 

1 

ether. 

C5H5CI8O,. 

0006393.  o°-27''.       j- 

Purgold.    J,  21.  416. 

,0007155.  27=-6i''.     j 

XIX.    Metallic  Salts  op  Organic  Acids. 


Coeff.  of  Expansion, 


Potaasium   oxal- 
Animonium 


K,  C,  0..  H,  O. 
AnijCO..  H5O. 


.0001162.  o^-ioo". 


PIayfair&  Joule.    27. 
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CUBICAL  EXPANSION  TABLES. 


Name. 

Formula. 

Coeff.  of  Expansion. 

Authority. 

Potasaranibinos- 

alate. 
Ammonmm  « 
Potassium  quad- 

roxalate. 
Ammonimn  " 

K  II  C,  0,. 
AmHCjO..H,0. 

KHjCOb-SHjO 
Am  H,Cfis.  H,0 

.00011338.  o-'-loo". 
.00013718.       « 

.0015916.              B 
.0001434.7.           " 

PIayfait&  Joule.    27. 

XX.    Miscellaneous  Orgasic  Compounds. 


Coeff.  of  Eicpansio 


Lead       telrame- 
thyl. 


Butlerow,    J.  16.  476. 
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ALPHABETICAL  INDEX  TO  SUBSTANCES. 


"       aldehyde    . 
"       anhyariae 

Acetyl  chloride. 
Aclfl.    Acetio . 
'*       Alphatoluic 


"      Formic 

"       Hj  drochlorlo 

"  Iodic 

"  Igobut  J  no 

"  Nitric 

"  Oxalic 

"  Stearic 

"  Sulphurii, 

"  Sulphiirons 

"  Trimethylacetic 

AdulMifk.   Ouineal 

Alcohol  : 

Aldehj  de 


Ally!. 


lAnea 


nide. 


Almond  oil     . 
Alphatoluie  acid 
Alumina. 

See  Aluminnm  os 
Alnmlnum  . 

Ostae. 
n    and    Ft 


Khxam 


64 


Amalgams 

;■;; 

Ammonia    .'.'.' 

'33 

25 

Oxalates 

2.5S 

Sulphate 

Ammonium,  and  Coppe 

sulphate        .       . 

32 

neslum  sulphate 

32 

Amyl.    Acetate      .       , 

Alcohol .       . 

Benzoalfl  .      , 

46 

Bromide 

Butyrate   . 

a 

Chloride 

Glycol        .       .  A 

4,43 

IB 

"        Sulphydrato 

K 

Valerate  .      , 

Amylene.    Bromide 

50 

"            Hydrate     . 

4.0 

Hydriodate 

51 

HydrocHlor 

Analelme.   Cubical      . 

Linear    . 

IB 

Anthracite   . 

4T 

Antimony.    Cubical      . 

Bromide  . 

X 

Chloride 

Trloxide  . 

Apatite.   (Mical      . 

"      ■  lAncHT    .      . 

Arragonite,    Cubiail     . 

Arsenic     .... 

Chlorlfle      , 

Trioxide        . 

29 

B. 

Barite.   Cubical  .      . 

31 

Lineal-      .      , 

18. 

Sulphate.  Oibi- 


Benzoic  add 

zoyl.    Chloride 
Hydride 
Benzyl  alcoliol  . 
Beryl.    Cubical. 


Bromodiohlorh  y  i 
propyl  pbycii 


Fivplonata 
Valerate . 
Butylene.   Bromide 
Chloride 
Butylethyl  pinacolin 
Butyric  acid 

aldehyiie  . 


Cadmium,    Cubical   . 
Linear 
Iodide    . 
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Calcile.   Cubical    .      .       : 
ifneor.       .       .    : 
Calcium.  Carbonate.  Oa- 


Corunaura,    Cubical    , 
Cuminol   , 


Calcium  and  Magnesium 


Carbolic  acid. 
8eB  Phenol 
Carbon.    {Miieol 

"  DloiiSe  , 

■'  Dlaulphlde 

Carbonic  acid  ■ 

Cast  Iron      - 

Celestina.    Cubical 


Charcoal    . 

Chloral  , 

Chlorinated  ethyl  chlo- 


Chlorinated  ethylen 

chloride . 
Chlocofomi 

Chloroanlphurlc  ether 
Chrome  alum    . 
Citron  oil 
Coal 


Copper     Cubical 


Lond.    OtibiciU    . 
Unear.       . 
Dlohlorinated  ethyl  chlo- 


Ethyl.    Sulphite 

Valerate    . 
Ethylamyl  pinacolin 
Ethylene.    Bromide 


See  Adularia  and  Or- 
thoclase    .       .19,34 
Fluor  spar.    Oubicat     .       25 


Dlohlorinated    ethylene 

chloride ....   4 

Diethyl  earbinol    ,      .       4 

Chloride  4 

Diethyl  lietone  .  .  .  4 
Diethyl  oxybenzoate  .  4 
Dimethyl   pseudopropyl 

Diopaide,    Aifiicol         .        E 

"  Idnear      .       .    ] 

Dolomite  ....'■ 


Oxide     Cubiaal 
Sulphate 


Emerald.    Cubical. 

Epichlorhydrin      . 
Ether. 

See  Ethyl  oxide  . 
Ethyl.   Acetate     . 

Alcohol .       . 

Benzoate  . 

Bromide 

Butyrate    . 

Chloride    . 


Oxalate 
Oxide      . 


I  Idocrase.    Cubical 
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Icon.  Oiblcol  , 

■■  Linear       . 

"  Carbonate.  Cubical  \ 
"  "  LtTieor    : 

"  OKides.    OuWooI 


Iron  pyrlt«9 
Isobatyl.    Cyanide 

Jodlde 
Isobntyrlo  add 


loilide     . 
Nitrate 
Oxide       . 
Sulphide. 


Magn     um   and  Potai 

Magne  Cublcea . 

lAnear 
Manganese.    Oxide  . 

Iodide       , 

MeOiyl,    Acela,fe       . 
"  Alcohol  . 

"         Bromide 


Methyl.   Butyrate    . 
Cyanide  . 
"         Formate    . 
"         HomotoluyJate   ' 
Iodide      .       ,       ; 
"         Oxalate 
Salicylate 
Sulphida   . 
"         Sulphocyanlde    ; 
"         Valerate 
Methylamyl  pinacolln   . 
Metliylbromacetol 
Methylene.    Chloride 

Iodide      . 
Milk  Sugar. 

See  Lactcse  . 
MonoelUorobeuzol 


Naphthaline      .      .      ,   : 
Nickel       .... 
Nitre. 

See  Pofassium  nitrate   I 
Nitric  acid       .        .       .       1 
Nitrobenzol        .      . 
Nitrogen.    Glides  ; 

Nitrous  oxide     .       .       .    ; 


Phosphorus.    Osyclilor- 


Platinum.    Cubicat 

"  lAnear   . 

Pleonaste  .... 
Porcelain.    Cubical  . 
lAaear 
isslum.    Chlorat« 
Chloride  . 

"  Oxalates    I 

Nitrate 
Sulphates 
ssiam   and   Almni 
mm  sulphate      . 
PotasBium.  and  Chroml 

fsinm  and  Magnesi- 

im  sulphate 
Potassium  and  Zinc  si 

pliate  .      .      . 
Propionic  aclil     .      , 

"         aldehyde 

Alcohol   , 


o. 

11.   Almond  . 


Palladium,    Cubical . 

lAnear 
Parafilne 

Pentachlorodimethyl 
Petroleum   . 


Phenylaniine  , 
Phenyl  cyanide 
Phosphorus.     . 

"  Bromide 


.    Cubical 


.yGoogle 


ALPHABETICAL   I 


o. 

Snlphiirona  apld. 

V  . 

«... 

See  Sulphur  dioxide 

K5 

Valeria  ucld        .       .      41 

Saltpetre. 

■■      aldehyde   .      . 

See  Potassium  nitrate 

Selenlam 

Bulphlde       . 

SO 

T. 

Senarraontite  . 

29 

aUioa  or  Silicic  acid      1 

w. 

See  aillcon  dioxide  j 

29 

Tellurium 

11 

Silicon. .                .       .       . 

Terebene      .      .      .      . 

3S 

Bromide    . 

ThaUlum  .... 

■■       Chloride        . 

26 

Tin.    OaMiM     .       .       24 

25 

Wedgewood  wfirc 

"       Dioxide    Ciaieal 

2» 

■■       lAneca-    ...  15 

16 

Wood 

26 

Silver.    Cubical      .       . 

22 

"       OKide.    CUftfcnf   . 

29 

Linear       . 

17 

"       Iodide.    Otbiail 

26 

TinsKme    Cublcat 

29 

X. 

16 

Linear      . 

17 

Sodium.    Hyposulphite 
Nitrate      .       . 

Z 

Tilenlc  aeid. 

See   Tltanlnra  diox- 

Xylenol        .... 
Xj'lol 

Phosphate    . 

Soft  coal       .       .       .       . 

Tltanlum.    Chloride 

20 

Dioxide    CU- 

SpeoHlnm  metal       .      . 

20 

blcia 

29 

z. 

Spinel  ruby 

29 

M- 

Stearic  acid.      .      ,      . 

46 

Tolnol         .... 

Zinc    Cubical     . 

Steel      .... 

Topaa.    QuMaH  . 

34 

Linear  . 

Unear      .      . 

Oxide.    Cubical    . 

Tonnaallne.    Cubicnl      . 

Linear    . 

Sulphide 

Trietlorobenzol . 

49 

Zinc  and  Potassium  sul- 

Sulphnr.   Cubical  .       . 

2a 

Trlmethylaectie  acid  . 

42 

phate   .... 

Linear       .       . 

Trlmethyl  carhinol  . 

Zino  blende        ,      .      . 

Chloride 

"         Hy- 

Zlnclte.    Cubical    . 

Oxides       .        . 

drate    .... 

Sulplinrlo  acia      .       . 

Turpentine  .... 

Zircon.    Cubical     . 

"         anhydride 

2S 

Type  metal       .       . 

20 

Linear ,       . 
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AD  VERTISEMENT. 


The  following  forms  the  fourtli  part  of  a  general  work  on  llie 
"Constants  of  Nature,"  of   which  the  first  three  are  as  fol- 


Part  I  and  Supplement. — Specific  Gravities,  Boiliog  Points  and 

Melting  Points,  by  F.  W.  Clarke. 
Part  II.— A  Table  of  Specific  Heats  for  Solids  and  Liquids,  by 

F.  W.  Clarke. 
Part  III. — Tables  of  Expansion  by  Heat  for  Solids  and  Liquidw, 

by  F.  W.  Clarke. 

The  manuscript  of  the  present  work  has  beeu  presented  to  the 
Smithsonian  Institution  by  Mr.  G.  F.  Becker  and  is  published  at 
the  expense  of  its  fund. 

8.  F.  BAIRD, 
Secreiari/  Smiihsoiiiaii  InstUiiiion. 

Washington,  August,  18S0. 
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PREFACE. 


Of  the  fundamental  importancG  of  the  moat  accurate 
attainable  knowledge  concerning  the  true  atomic  weights 
of  the  elements  there  can  be  no  two  opinions.  If  the  enor- 
mous mass  of  known  facts  relating  to  the  properties  of 
matter  is  ever  to  he  brought  under  wide  generalizations,  it 
is  with  the  simple  substances  that  a  beginning  must  be 
made,  and  with  the  simplest  property  of  these  substances, 
the  relative  weights  of  their  ultimate  particles.  Berzelius 
held  this  view  and  the  labors  of  Mendelejeff,  Meyer  and 
others  leave  no  question  as  to  the  fact  of  a  relation  between 
the  atomic  weights  and  the  properties  of  simple  and  com- 
pound matter.  Accurate  information  on  the  subject,  how- 
ever, is  not  easily  attainable ;  diflerent  writers  on  chemistry 
follow  different  authorities,  and  some  even  take  a  mean 
between  the  results  arrived  at  by  experimenters  of  different 
degrees  of  skill  and  accuracy,  or  assume  some  convenient 
number  without  experimental  foundation.  Nowhere,  to  my 
knowledge,  is  there  even  an  approximately  complete  list  of 
the  determinations  that  have  been  made. 

Forced  back,  myself,  upon  the  original  memoirs  for  in- 
formation, I  believed  that  I  should  do  other  chemists  a 
service  in  presenting  to  them  a  short  but  systematio  digest 
of  each  investigation  on  the  subject,  including  the  following 
points,  so  far  as  they  could  be  ascertained:  The  nature  of 
the  material  experimented  upon,  and  the  method  of  its 
preparation;  the  experimental  method  adopted  to  effect  the 
determination,  and  the  number  of  experiments;  the  mean 
result  reached  by  the  experiments,  and  the  extreme  differ- 
ence between  the  results;  such  a  record  of  the  constants 
employed  in  the  calculation  as  will  enable  any  one  to  recal- 
culate the  results  for  different  constants ;  and  the  place  in 
literature  where  the  original  paper  is  to  bo  found. 

The  following  pages  are  the  result.    From  the  information 
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he  will  find  in  them,  the  experienced  chemist  will,  in  most 
cases,  I  think,  be  able  to  decide  which  determiiiiitiou  ofters 
the  best  guarantees  for  accuracy,  or  at  Jeast  between  which 
determinations  his  choice  must  lie,  forming  his  judgment  to 
a  great  extent  independently  of  the  comparative  reputation 
of  the  observerB — not  always  a  safe  guide  where  one  is,  in  a 
general  way,  the  unquestionable  superior  of  the  other — and 
no  guide  at  all  when  the  names  carry  on  the  whole  an  equal 
weight.  As  a  record  of  the  direction  investigations  have 
taken  and  of  analytical  methods  of  tlie  moat  exact  character 
also,  I  hope  that  this  digest  may  not  be  without  value. 

As  this  compilation  would  serve  rather  to  mislead  than 
to  assist  investigators,  unless  it  be  accurate  and  practically 
exhaustive,  it  seems  proper  to  explain  the  manner  in  which 
it  has  been  prepared.  Believing  it  best  to  work  independ- 
ently of  any  previous  compilations,  I  selected  as  my  base 
the  three  great  German  journals — Poggendorff's  Annalen, 
Liebig's  Annalm,  and  Erdmann's  Journal  fur  Praktische 
Chemie.  My  choice  was  determined  not  only  by  the  posi- 
tion these  journals  take  in  chemico-physical  science,  but  by 
the  fact  that  their  indices  are  admirable,  and  tlieir  tone 
cosmopolitan ;  all  of  them,  until  lately,  having  furnished 
their  readers  with  the  scientific  news  of  the  time,  and  with 
abstracts  from  and  translations  of  the  important  papers 
published  elsewhere  and  in  whatever  language,  as  well  as 
with  original  investit^'ations.  The  indices  of  these  journals 
I  read  through  from  beginning  to  end,  making  an  extract 
of  every  entry  which  bore  on  the  subject  of  atomic  weights, 
or  which  I  suspected  might  do  so.  In  studying  the  arti- 
cles thus  reached,  every  reference  to  other  atomic  weight 
determinations  was  preserved,  and  the  originals,  so  far  as 
possible,  sought  out;  a  task  in  which  the  Royal  Society's 
Catalogue  of  Scimtifie  Papers  was  of  the  greatest  assistance. 
Having  exhausted  the  supply  of  information  in  these  jour- 
nals, I  turned  to  Berzelius'  Jakresberiekt,  and  to  its  continua- 
tion edited  by  Kopp,  Liebig  et  al.,  and  made  a  study  of  their 
contents  by  the  same  method.  Later,  I  made  a  similar 
systematic  study  of  the  Annales  de  Ckimie  et  de  Physique,  the 
Bericht  der  Deutschen   Cliemischm   Gesellschaft,  the   Chemical 
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News,  Fresenias'  Zeitsehrift  fur  Awzli/tiscke  Chemie,  the 
Journal  of  the  Chemical  Society,  the  Proceedings  of  the  Royal 
Society,  and  the  Philosophical  Transactions,  and  of  SilUman's 
American  Journal  of  Science.  I  have  also  made  some  use  of 
the  Philosophical  Magazine,  and  a  great  deal  of  use  of  the 
Paris  Comptes  Bendus.  These  publications  are  not  so  in- 
dexed as  to  make  their  contents  readily  available ;  but  what 
appears  in  the  Comptes  Rendus  is  pretty  sure  to  be  noticed 
elsewhere,  and  T  scarcely  think  that  any  determinations 
there  published  have  escaped  me.  I  have  also  made  use  of 
the  BibliotMque  Vhiverselle,  Archives  des  Sciences  of  Geneva, 
{an  incomplete  set,  unfortunately,)  the  Zeitsehrift  fur  Berg- 
Hiitten-und  Salinen-Wesen  im  Preussisehen  Staate,  Thomson's 
Annals  of  Philosophy,  Gilbert's  Annalen  der  Physik  und  der 
Physikalischen  Chemie,  the  British  Association  Reports,  the 
Transactions  of  the  Royal  Society  of  Edinburgh,  the  Transactions 
of  the  Academies  of  Brussels  and  oiSt.  Petersburg,  and  have  con- 
sulted numerous  works  on  chemistry,  particularly  Berzelius' 
Zichrbuch  der  Chemie  and  Q-melin-KrauV s  Handbuch  der  Chemie. 
I  have  not  thought  it  necessary,  or  even  desirable,  to  ex- 
tend my  search  for  atomic  weight  determinations  further 
back  than  Wollaston's  famous  "Table  of  Equivalents," 
published  in  the  Philosophical  Transactions  for  1814.  It  is 
true  that  niiraerons  determinations  had  been  made  before 
that  time,  but,  with  the  exception  of  those  mentioned  by 
"Wollaston,  few  which  can  be  of  either  interest  or  value  to 
the  chemist  of  the  present  day,  except  from  a  purely  histori- 
cal point  of  view.  From  "WoUaston's  table  onwards,  I  have 
not  felt  that  the  purposes  of  this  paper  permitted  of  any 
selection  between  atomic  weight  determinations,  however 
valueless  many  of  them  might  appear  to  my  own  Judgment. 
Indeed,  it  has  cost  me  more  labor  to  put  many  ill-made  and 
ill-reported  investigations  into  proper  form  for  this  digest 
than  was  required  for  a  majority  of  those  determinations 
upon  which  I  set  the  highest  value.  In  the  attempt  to  make 
a  complete  collection  of  the  determinations  since  the  time 
indicated,  a  few  may  have  escaped  my  search ;  but,  if  so, 
they  must  have  fallen  singularly  dead  upon  the  chemical 
world,  and  would  be  unlikely  to  repay  further  labor  in  seek- 
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ing  them.  On  the  other  hand,  I  have  rigidly  excluded 
atomic  weights  calculated  from  analyses  never  designed  so 
to  be  used.  Any  chemist,  upon  whose  experiments  we 
could  rely,  would  proceed  in  a  very  different  manner  in 
making  an  atomic  weight  determination,  from  that  which 
he  would  select  for  an  ordinary  analysis,  and  to  put  his 
credit  at  stake  by  calculating  atomic  weights  from  analyses 
not  designed  for  this  use  is  alike  unfair  to  him  and  to  the 
scientific  public,  which  is  asked  to  receive  as  an  atomic 
weight  determination  what  really  is  not  such. 

The  purpose  of  this  paper  is  distinctly  not  critical,  and 
the  remarks  I  have  added  to,  or  inserted  in,  the  digest  are 
simply  explanatory.  I  have,  however,  frequently  mentioned 
criticisms  which  have  appeared  in  literature  when  tliey 
seemed  pertinent. 

As  for  the  accuracy  with  which  the  digests  have  been 
made,  I  may  state  that  the  preponderating  importance  of 
this  point  has  been  constantly  before  my  mind.  In  the 
effort  to  crowd  the  maximum  amount  of  information  into 
the  fewest  words,  I  have  had  occasion  to  refer  to  most  of 
the  papers  digested  a  number  of  times,  and  at  long  inter- 
vals. I  have  always  taken  advantage  of  such  occasions,  as 
well  as  those  on  which  I  have  met  with  a  reprint,  transla- 
tion or  abstract  of  a  determination,  to  verify  the  rough 
draughts  of  my  digests.  Only  in  a  couple  of  instances  have 
I  thus  discovered  a  trifling  error.  On  the  other  hand,  I 
have  been  able  to  detect  and  point  out  numerous  misprints 
and  miscalculations  in  the  original  sources.  While,  there- 
fore, I  cannot  hope  entirely  to  have  escaped  error  in  the 
thousands  of  values  I  have  copied,  and  the  almost  equal 
number  of  calculations  I  have  made,  I  have  strong  hopes 
that  the  accuracy  of  this  digest  will  be  found  at  least  on  a 
par  with  that  of  the  original  papers. 

When,  as  is  the  case  with  provoking  frequency,  chemists 
have  given  their  analytical  data,  but  have  omitted  to  state 
the  atomic  weights,  or  other  constants,  assumed  in  calculat- 
ing their  results,  I  have  recalculated  their  data  with  accepted 
constants,  wliich  I  have  in  each  case  stated.  I  have  also,  in 
many  instances,  recq.lculated  determinations  of  importance. 
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in  which  constants  varying  considerably  from  those  now 
received  were  assumed.  I  have  further  reduced  the  deter- 
minations originally  given  in  terms  of  0  ^:  100,  or  of  O  = 
•15.96,  to  0  =  16.  No  confusion,  however,  will  be  found 
between  the  numbers  for  which  the  original  investigators 
are  responsible  and  my  own.  All  values  which  I  have  cal- 
culated are  in  italics,  or,  with  my  explanations,  enclosed  in 
square  brackets.  The  only  arithmetical  operation  I  have 
permitted  myself  to  perform  without  these  indications  is  a 
multiplication  or  division  by  two;  and  even  in  such  cases 
it  will  usually  appear  from  the  digest  itself  that  this  opera- 
tion has  been  performed. 

The  abbreviations  of  the  literary  references  are  essentially 
those  adopted  in  the  Royal  Society's  Catalogue  of  SdenUfic 
Papers.  The  first  reference  in  each  case  is  to  the  source 
upon  which  I  have  depended.  When  two  references  are 
ueeessary,  they  are  connected  by  the  word  arid.  When  my 
authority  is  not  the  original  source,  that  to  which  it  is  ac- 
credited in  my  authority  is  also  mentioned. 

In  conclusion,  I  shall  be  grateful  to  any  one  who,  by 
drawing  my  attention  to  omissions  or  mistakes,  will  assist 
me  in  perfecting  a  labor  which  has  occupied  all  my  availa- 
ble time  for  twenty  months. 

Bbkkeley,  Cal.,  April,  1878. 


In  preparing  the  following  paper,  I  designed  making  it 
preliminary  to  a  discussion  of  the  various  determinations 
and  of  the  value  to  be  assigned  to  each,  and  in  this  work  I 
had  already  made  some  progress.  After  presenting  this 
paper  to  the  Institution,  however,  I  learned  that  Prof  F.  W. 
Clarke  had  been  for  some  time  engaged  on  a  similar  under- 
taking, and  to  him  I  gladly  resigned  the  discussion  of  the 
data  here  compiled.  The  two  papers  will  appear  in  the 
same  form,  and  may  be  regarded  as  complementary. 

G.  F.  B. 
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ATOMIC  WEIGHT  DETERMINATIONS. 


ALUMINIUM. 

The  specific  heat  of  aluminium,  as  determined  by  Eegnault 
and  by  Kopp,  and  the  vapor  density  of  volatile  compounds, 
as  determined  by  Deville  and  Troost  and  by  Odling,  indicate 
that  the  atomic  weight  of  this  element  is  about  27.5.  {Gnie- 
lin-Kraul.-Handbuekder  Chemk,l,  39;  and  L.  Ma/tr,  Modenm 
Theorim  dcr  Chemie,  50.) 

J.  J.  Bbezbhus  :  a:m7  (O  =  16). 
100  parts  of  anhydrous  aluminic  sulphate  decomposed  by 
heat  gave  29.934  parts  of  oxide.  Preparation  not  described 
Number  of  experiments,  probably  1.  InBerzAus  Lehriuck 
these  data  are  calculated  for  S  =  200.75,  and  give  Al  = 
170  9  (0  =  100,)  or  STJU  (O  =  16.)  [If  S  =  32,  the  data 
give  Al  =  27.267.]     {Poggmd.  Ann..  S,  1826,  187.*) 

T.  Thomson  :  SO  (O  =  16). t 
Thomson  found,  probably  from  analysis  of  the  sulphate, 
(sec  appendix.)  that  125  Al  =  100  0.  Thomson  supposed 
iluminic  oxide  to  be  a  protoxide.  [If  it  is  a  scsqm-oxide, 
the  data  give  Al  at  30.]  ( Thomson's  System  of  Chemutry,  7th 
ed.,  /,  1831,  4.54.) 

W.  W.  Mather  :  20.55  (0  ^  16). 
According  to  this  chemist  0.646  grammes  of  chloride, 
prepared  according  to  Woehler,  gave  2.055  grammes  argen- 


*  This  article  by  Berzelius,  which  contains  the  particulars  of  a  large  part 
of  hi.  ..rtlmMomic  weight  d,l,™inalion.,  will  he  r.terred  to  toqueotly 
?nftec"™rfthi.p.^r.  ^  l^  ""«""''''''t  Sa^  .uSTna'.t  th°. 
■which  are  by  no  means,  corrected  in-  the  table  of  errata  at  tHe  ena  ot  tae 
volume  t/c  correctlj'p"nted  values  of  the  atomie  weights  disou«=ed  m 
it  are  to  be  found  in  Foggend.  Ann.,  lo,  18iT,  saa. 

t  It  milst  be  remarked,  in  justice  to  Dr.  Thomson,  that  his  f "'"'';  "^5^* 

±=sr  '?i=S^sii^f^:3£i^{r^t, 

Scemining  -iic*  tinltiplc,  in  any  ca.c,  wa,  to  ho  adopted.        ^ 
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O  ATOMIC    WEIQHT    DETEEMINATIONS. 

tic  cliloride,  and  0.2975  aluminic  oxide.  (Silliman's  Amer. 
Journ.,  S7  1835,  138,  241.)  Berzelius  points  out  the  incou- 
sistency  of  these  data.  (B^rzeUm'  Jakresberickt,  15,  1835, 
138.) 

C.  TissiER:  S7.1S  (O  ^  16). 

Determined  by  dissolving  aluminium  in  ehlorhydric  acid, 
evaporating  to  dryness  with  excess  of  nitric  acid  and  do- 
composing  the  nitrate  by  heat.  The  aluminium  employed 
contained  0.135  per  cent,  sodium.  1.935  of  this  metal  gave 
8.646  oxide.  [If  Na  ^  23,  these  data  give  Al  =  27.12.] 
The  meta!  was  prepared  by  heating  aluminie  fluoride  with 
purified  sodium  in  a  graphite  crucible.  (Paris  Comptes 
Mend.,  46,  1858,  1105.) 

J.  Dumas:  27.446  (0  =  16). 
Determined  by  six  experiments  on  the  titration  of  aluminic 
chloride  with  argentic  nitrate.  The  mean  result  was  Al  = 
13.723  (0=8) ;  extreme  difl'erence  0.09.  The  aluminic  chlo- 
ride, which  had  been  prepared  on  a  large  scale,  was  purified 
by  sublimation  over  iron-filings  and  over  aluminium  tilings, 
and  by  a  third  sublimation  in  a  current  of  hydrogen  over 
aluminium  tilings,  after  which  it  was  melted.  Experiments 
on  the  oxidation  of  aluminium  were  found  unsatisfactory  on 
account  of  the  difficulty  of  obtaining  the  metal  pure.  They 
gave  Al  at  from  13.74  to  13.89.  Dumas  takes  Ag  =  108 ; 
CI  =  35.5.     (Ann.  de   Chim.  et  de  -Phys.,  (3,)  55,  1859,  151.) 

W.  Odling:  27.5  (0  =  16). 

Determined  from  the  vapor  density  of  aluminium  methide 
and  ethide  at  220°  and  upwards.  [Phil.  Mag.,  (4,)  £9, 1865, 
316.) 

— .  IsNARD:  27  (0  =  16). 

Pure  aluminium  dissolved  in  ehlorhydric  acid,  evaporated 
and  heated  to  redness,  gives  V'  of  its  weight  in  oxide.  (Paris 
Comptes  Bend.,  66,  1868,  508.) 

Pelouze  and  Fremy  give  S7.S57  (0  =  16) ;  170.98  (0  = 
100,)  for  the  atomic  weight  of  aluminium,  and  assert  that 
this  value  is  derived  from  the  composition  of  potash-alum, 
but  they  give  uo  authority  for  the  value.  The  experiments 
were  made  by  precipitation  with  barium  chloride.  (TraiU 
de  Ckimie,  3d  ed.,  1,  50.) 
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ANTIMONY. 

From  the  specific  heat  of  antimony,  as  dotermlned  by 
Bunsen,  Reguanlt,  and  others,  and  from  the  vapor  density 
of  volatile  compounds,  as  determined  by  Mitscherlich,  Loe- 
wig  and  Schweizer  and  others,  it  is  certain  that  the  atomic 
weight  must  be  about  120.  (Gmetin-Kraut,  I.  c;  and  L. 
Meyer,  I.  c.) 

J.  J.  Berzelius:  1-29.03 (0  =  16) ;  806.452  (O  =  100). 
100  parts  of  pure  antimony,  oxidized  with  nitric  acid, 
evaporated  to  dryness,  and  heated  to  redness,  gave  124.8 
antimonic  antimoniate.  The  number  of  experiments  and 
the  preparation  of  the  metal  are  not  given.  {Poggend.  Ann., 
8,  1826,  23.) 

E.  Schneider  r  120.3  (0  =  16) ;  751.9  (0  =  100). 
Determined  by  experiments  on  the  reduction  of  native 
antimonic  ter-s«lpbide  in  a  current  of  hydrogen.  _  The  only 
foreign  substance  to  be  found  in  the  mineral  was  silicic  acid, 
which  was  determined  in  each  case.  The  temperature  was 
kept  as  low  as  possible,  and  the  amount  of  sulphide  vola- 
tilized, and  of  that  undecomposed  by  the  process,  was 
determined.  The  mean  composition,  as  ascertained  by  eight 
experiments,  was  71.48  antimony — extreme  difference,  0.078; 
and  28.52  per  cent,  sulphur.  The  atomic  weight  was  cal- 
culated from  the  mean  for  S  =  200.  [Poggend.  Ann.,  98, 
1856,  293.)  Schneider  published  a  prelimmary  note  m 
Poggend.  Ann.,  97,  1856,  483,  in  which,  from  a  portion  of 
the  above-mentioned  experiments,  he  deduced  the  value 
120.25. 

H.  Hose  and  Weber  :  1W.626  (O  =  16). 
Rose  published  this  determination  expressly  as  a  confirnia- 
tion  of  Schneider's  value.  Antimony  ter-chloride  was  dis- 
solved in  water  containing  tartaric  acid,  and  decomposed 
by  hydrogen  sulphide.  Sulphur  was  removed  from  the 
filtrate  by  ferric  sulphate,  and  the  chlorine  determined  with 
argentic  nitrate.  2.162  antimony  chloride  were  found  equiv- 
alent to  4.097  argentic  chloride.  [If  Ag  =  107.93  and  CI 
=  35.457,  these  data  give  Sb  =  120.626 ;  or,  for  0  =  100, 
Sb  ^  753.92.]  Rose,  adopting  some  other  values  gets 
1508.67  [twice  754.34.]     He  also   recalculates  some  earlier 
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10  ATOMIC    WEIGHT    DETERMINATIONS. 

analyses  of  the  ter-chloride,  and  the  penta-chloride  {Poggend. 
Ann.,  3,  1825,  443)  mads  by  himself  by  the  same  method, 
which  give  respectively  1512.91  and  1508.6.  {Poggend.  Ann.y 
98,  1856,  455.) 

"W".  P. Dexter:  122.836  (0  =  16);  764.6  (0  =  100). 
Attempts  were  made  to  determine  the  atomic  weight  of 
antimony  from  its  reducing  action  on  the  chloride  of  gold, 
but  no  constant  result  was  obtained.  Berzelius'  method  {vide 
supra)  wae,  therefore,  adopted.  From  the  mean  of  ten  irre- 
proachable experiments  Dexter  deduces  the  value  1529.2; 
extreme  difterence,  S-  The  metal  was  prepared  as  follows: 
From  antimony  tartrate,  sodium  metantimonate  was  pre- 
pared, and  antimonic  acid  separated  out  with  nitric  acid. 
The  antimonic  acid  wae  reduced  with  carbon,  and  melted 
with  another  portion  of  antimonic  acid  to  remove  traces  of- 
sodium,  etc.  It  was  also  heated  in  a  current  of  hydrogen 
to  remove  traces  of  oxide.  The  investigation  was  carried 
out  in  Bunseu's  laboratory,  and  with  his  assistance.  [Pog- 
gend. Ann.,  100,  1867,  563.) 

'J.  Dumas:  122  (0  ^16). 
Neither  the  reduction  of  cervantite  nor  of  the  sulphide, 
nor  the  oxidation  of  metallic  antimony  gave  accordant  re- 
sults. Dumas,  therefore,  resorted  to  the  analysis  of  the 
ter-ehlorido  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  three  different  methods,  and  was  dissolved  in  water 
acidulated  with  tartaric  acid.  Seven  experiments  gave  an 
average  of  121.976;  extreme  difference,  0.69.  Ag  =  108; 
CI  =  35.5.     [Ann.  de  Chim.  et  de  Pki/s.,  (3,)  1859,  175.) 

F.  Kesslbr;  122.24  (0  =  16). 
In  four  experiments  crystals  of  antimony  ter-oxide  were 
employed.  This  oxide  had  been  sublimed  in  a  current  of 
pure,  dry  carbonic  acid.  A  known  weight  of  the  compound 
was  nearly  oxidized  in  a  chlorhydrie  acid  solution  by  a 
known,  slightly  insufficient,  weight  of  potassic  chlorate. 
The  remainder  was  titrated  with  a  standard  solution  of 
potassic  bi-chromate,  and  eountertitrated  with  ferrous  chlo- 
ride. The  mean  result  was  Sb  =  122.16.  In  three  experi- 
ments metallic  antimony  was  employed.  It  was  prepared 
by  reducing  the  precipitate  formed  when  ammonic  hydrate 
is  added  to  stibium-ammonium  tartrate.  The  metal  was 
oxidized  in  chlorhydrie  acid  solution  by  potassic  chlorate, 
(not  weighed,)  and   reduced  to  antimony  ter-chloride   by 
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stannous  chloride.  The  excess  of  this  reagent  was  chiori- 
dized  by  mercuric  chloride,  calomel  being  separated  by  fil- 
tration. The  experiment  was  continued  exactly  as  in  the 
cases  where  the  oxide  was  taken  to  start  with.  The  mean 
of  the  experiments  on  metallic  antimony  was  122.34.  The 
mean  of  the  seven  experiments  above  described  is  122.24; 
extreme  difference,  0.94.  K  ^  39.12  ;  C!  =  107.97.  Kessler 
also  made  experiments  by  Rose's  method,  but  got  discord- 
ant results.     {Poggmd.  Ann.,  118,  1861,  145.) 

B.  XTnger:  119.76  (0  =  16). 
Determined  by  analysis  of  sodium  sulph-antimonate, 
(Sehiippe'a  Salt.)  {Kopp's  Jarresberickt,  1871,  325;  Arch, 
der  Pharm.,  (2,)  14.7,19s ;  1^8,1.)  A  single  determination 
by  a  method  from  which  great  accuracy  could  not  be  ex- 
pected. 8^32;  Na=:23.  {J.  P.  Cooke,  Jr.,  io  Proc. 
Amer.  Acad.,  13,  6.) 

J.  P.  Cooke  Jr.:  120  (0  =  16). 

Cooke  objects  to  the  determinations  of  Dexter  and  Dumas, 
on  the  ground  that  there  is  no  sufficient  evidence  of  the 
absence  of  higher  or  lower  compounds  of  the  same  elements 
in  the  salts  employed. 

In  two  experiments  antimony  was  dissolved  and  precipi- 
tated as  sulphide,  which  was  heated  to  240°  before  weigh- 
ing. The  formation  of  free  8  was  prevented,  occluded 
tartaric  acid  was  determined,  but  occluded  oxy-chloride  was 
neglected.  The  experiments  gave  each  Sb  =  120.6  for  S 
=  32.  In  thirteen  experiments  Sb  was  dissolved  in  a  mini- 
mum of  nitric  acid,  and  the  solution  boiled  over  bullets  of 
Sb  to  complete  saturation.  The  sulphide  was  then  precipi- 
tated in  an  atmosphere  of  carbon  di-oxide.  The  precipitate 
contained  no  free  S.  The  oxy-chloride  was  driven  off  at 
180°  and  determined.  The  tartaric  acid  was  decomposed 
at  210°  and  determined.  The  errors  are  opposed  and  min- 
ute. The  mean  of  the  weighings  of  sulphide,  dried  at  180°, 
gave  Sb^  119.994  for  8^32;  extreme  difference,  1.01. 
The  mean  of  weighings  of  sulphide  heated  to  210°  gave  Sb 
=  120.295 ;  extreme  difference,  1.07.  General  mean  Sb  — 
120,145.  Fifteen  analyses  of  antimonious  bromide  gave  the 
Br  contents  at  66.6665  per  cent,  for  Ag  =  108,  Br  =  80,  with 
an  extreme  difference  of  0.195.  This  composition  gives  Sh 
120.  In  seven  experiments  the  iodide  was  analyzed.  For 
I  =  127  and  Ag  =  108,  it  gave  a  mean  of  76.051  per 
cent.  Sb,  or  Sb  =  120.     It  was  also  shown  that  the  chloride 
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cannot  be  prepared  free  from  oxy-ehloride,  and  that  its  Sb 
and  CI  contents  correepoiid  to  Sb  =  120.  Metallic  8b  was 
prepared  by  reduction  of  sodic  antimoniate,  or  of  oxide 
With  potasaic  cyanide,  or  by  Liebig's  method.  In  all  cases 
It  was  fused  for  several  hours  under  its  own  oxide.  The 
haloid  salts  were  purified  by  fractional  recrystallization  and 
distillation,  in  part  m  a  current  of  carbon  di-oxide.  iProc 
Am.  Acad.,  13,  1877,  1.) 


Ihe  specific  heat  of  metallic  arsenic,  as  determined  by 
Kegnault,  and  the  vapor  density  of  a  number  of  volatile 
compounds,  as  determined  by  Dumas,  Mitscheriieh  Bunsen 
and  others,  prove  that  the  atomic  weight  of  this  element 
must  be  in  the  neighborhood  of  75.  (GmeUn-KrauL  I.  c  • 
and  i.  Meyer,  l.  c.) 

3.  J.  Beezelius:  75.1  (0  =  16);  469.4  (0  =  100). 
2.203  grammes  of  arsenious  acid,  heated  with  sulphur  in 
a  distilling  apparatus  in  such  a  manner  that  sulphurous 
acid,  but  no  sulphur,  could  escape,  set  free  1.069  erammes 
sulphurous  acid.  If  8  =  200.75,  the  value  follows  (Poa- 
gend.  Ann.,  8,  1826,  22;  and  Lehrbuch,  5  ed.,  3,  1205.) 

J.Dumas:  75(0  =  16). 
Dumas  found  the  vapor  density  of  arsino  2.695      TThis 
value  multiplied  by  28.94278  gives  As   =  (sensiblv)  75  1 
{Ann.deChim.etdePhys.,33,lS2&,^m.) 

J.  Pelouzb:  75  (O  =  16);  468.75  {0  =:  100). 
_  A  known  weight  of  arsenic  ter-chloride  was  Introduced 
into  a  nitric  acid  soiution  of  a  known  weight  of  perfectly 
pure  silver,  the  chloride  being  in  slight  excess.  The  excess 
of  chloride  was  then  titrated  with  decimal  silver  solution  * 
As  the  mean  of  three  experiments  Pelouze  found  As  = 
937.50;  extreme  difference,  0.8.  Ag  =  1349.01-  CI  = 
443.2.  The  ter-chloride  was  repeatetlly  distilled  to  free  it 
from  excess  of  chlorine.     It  was  colorless,  dissolved  com- 


'almV^li^;  '^^'?^i^'  ^/«"  frequently  employed  i„  the  detemmation 
atomic  weights,  will  be  referred  to  as  "Pelouze's  mpthod." 
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pletely  in  chlorine,  and   boiled   between  134°   and   135°. 
(Paris  Comptes  Rend.,  20,  1845,  1047.) 

J.  Dumas  :  74.94  (0  =  16). 
Determined  by  four  experiments  on  the  titration  of  araenio 
ter-chloride  with  argentic  nitrate,  the  ter-ehloride  being 
prepared  in  several  lots.  The  number  ia  the  mean  of  the 
experiments;  the  extreme  difference  being  0.15.  Dumas 
takes  Ag  =  108;  01^35.5.  {Annal.  de  Ckimie  et  de  Phi/sique, 
(3,)  55,  1859,  174.) 

F.  Kbssler:  75.2  (0  =  16). 
In  six  experiments  arsenious  acid  was  titrated  with  potas- 
sic  bichromate  and  counter-titrated  with  ferrous  chloride. 
The  number  so  obtained  was  75.15.  In  twelve  experiments 
a  known  weight  of  arsenious  acid  was  oxidized  in  caustic 
potash  solution  by  potassic  chlorate,  the  arsenious  acid  be- 
ing slightly  in  excess,  acidified  with  chlorhydric  _  acid  and 
the  excess  of  arsenious  acid  titrated  with  potassic  bichro- 
mate and  counter-titrated  with  ferrous  chloride.  _  The  oxi- 
dizing action  of  the  potassic  bichromate  was-experimentally 
determined.  The  number  obtained  from  these  experiments 
was  75.24.  Five  experiments  were  made  with  acid  instead 
of  alkaline  solutions  of  arsenious  acid;  they  gave  75.15. 
The  arsenious  acid  was  colorless,  tmnsparent,  volatilized 
without  any  residue,  and  was  thoroughly  dessieated.  Kess- 
ler  assumed  K^  39.12;  CI  =  107.97.  [Poggend.  Annal, 
95,  1855,  210;  IIS,  1861,  140.) 


BARIUM. 


The  specific  heat  of  barium  compounds,  especially  of  the 
chloride,  as  determined  by  liegnault  and  by  Kopp,  shows 
that  the  atomic  weight  of  this  clement  lies  in  the  neighbor- 
hood of  137.     {Gmdin-Kraui,  I.  c.) 

WoLLASTON   and  Klaproth  .    139.3   (0  =  16) ;    870 

(0  =  100). 

Klaproth  found  that  100  parts  of  carbon  di-oside  were 

equivalent  to  352.57  parts  barium  oxide,  and  that  34  parts 

sulphuric  anhydride  were  equivalent  to  66  parts  of  barium 
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oxide.     If  C  =  75.4,  and  S  =  200,  the  value  follows.     (PhU 
Trans.,  IO4.,  1814,  20.) 

J.  J.  Berzblius  :  136.79  (0  =  16). 
100  parts  of  barium  chloride  gave  138.08  and  138.06  parts 
argentic  chloride.  [If  Ag  =  107.93,  and  CI  =  35.457,  the 
above  value  follows.]  Cerzoliua  also  determined  barium 
frona  the  sulphate ;  100  parts  barium  chloride  gave  112.17 
and  112.18  parts  sulphate.  Calculated  for  8  =  200.75  this 
determination  is  almost  identical  with  the  other;  " 


.^-,v.,....i..«u..\,ii  ID  aiuiUBi  lUBiiuicni  WHO  me  oiner;  Jierzelius 
however,  expressly  adopts  the  former.  [Calculated  for  S  = 
32.0742,  it  gives  135.74.]  {Poagend.  Annal,  8,  1826,  189, 
and  Lehrbuch  der  Chemie,  5th  ed.,  3,  1229.) 

E.  Torner:  137.4  (0  =  16). 
_  Turner  determined  the  chlorine  contents  of  barium  chlo- 
ride at  34.016  per  cent,  by  precipitation  with  silver.  This 
number  was  the  mean  of  the  best  two  experiments  made, 
and  the  value  follows  from  it  on  the  assumption  that  C!  = 
S5.42.  The  barium  chloride  was  prepared  from  native  car- 
bonate by  solution  in  chlorhydrie  acid,  precipitation  of 
impurities  with  barinm  oxide,  ignition  of  the  chloride,  treat- 
ment with  alcohol,  and  recrysfaliization.  (Phil.  Trans  119 
1829,  201.*)  ^  '        ' 

T.  Thomson  :  1S6  (O  =  16) ;  850  {0  =  100). 
Thomson  had  formeriy  determined  this  atomic  weight  at 
875  by  mixing  potaesic  sulphate  with  barium  chloride  in 
such  proportions  that  the  supernatant  liquid  contained  no 
sensible  amount  of  either  sulphuric  acid  or  barium.  Turner 
having  shown  the  fallacy  of  this  method,  Thomson  substi- 
tuted ammonium  sulphate,  and  also  sulphuric  acid  for  the 
potassium  salt,  and  found  9.5006  barium  oxide  equivalent  to 
5.00  sulphuric  anhydride.  He  also  analyzed  the  chloride 
with  argentic  nitrate,  assuming  silver  =  1375,  and  chlorine 
=  450,  and  reached  the  same  conclusion  with  reference  to 
barium.  {TkomBon's  System  of  Chemistry,  7th  ed.,  1,  1831, 
426.) 

*Turner  made  the  discovery  hi  the  course  of  this  investigation  that 
banum  sulphate  carries  down  other  salts,  audi  as  potass ic  sulphate,  which 
cannot  be  extracted  from  the  precipitate  by  any  degree  of  washing,  and  that 
determmations,  with  barmm  sulphate,  are  consequently  unreliable.  Al- 
though BerzBlius  drew  attention  fo  the  importance  of  the  observation,  and 
Ihomson  was  obliged  f«  acknowledge  errors  in  his  work  from  this  cause 
"'"^  "'^  t  ."1^  *'™^  "^"'■'y  '■"'■gotten,  as  can  readilv  be  proved  from 
:s  of  this  digest. 
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_.  Salvetat;  136  (0  =  16);  850  (0  =  100). 
Determined  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  barium  carbonate  by  sulphuric  acid.     Details 
not  given.     {Paris  Comptes  Bendus,  17, 1843,  318.) 

J.  Pelouzb  :  1S7M  (0  =  16);  858.01  (0  =  100). 
Into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pure  silver,  a  known  and  slightly  more  than  ec^uivalent 
weight  of  barium  chloride  was  introduced.  The  excess 
was  titrated  with  decimal  silver  solution.  The  value  is  the 
mean  result  of  three  experiments,  which  give  an  extreme 
difference  of  0.22  for  0  =  100.  The  barium  chloride  was 
purified  by  recrystallizations  continued  till  determinations 
gave  a  constant  result,  and  was  dessicated  in  part  at  200°, 
and  in  part  at  a  temperature  just  below  redness.  Pelouze 
took  Ag  =  1349.01,  and  CI  =  443.2.  {Paris  Comptes  Bendus, 
SO,  1845,  1047.) 

C.  Maeignac:  137.08  (0=16);  856.77  (0  =  100). 
Determined  by  six  experiments  on  the  equivalence  of  sil- 
ver and  barium  chloride  performed  by  Pelonze's  method, 
(vide  supra.)  100  silver  were  found  equivalent  to  96.365 
barium  chloride ;  extreme  difference,  0.038;  hence  the  value 
taken.  Marignac  takes  Ag  =  1349.01,  and  01  =  443.2.  The 
barium  chloride  was  purified  as  follows:  Commercial  chlo- 
ride was  crystallized  from  boiUng  aqueous  solution;  the 
crystals  were  heated  to  redness,  dissolved  in  boiling  water, 
treated  with  carbon  di-oxide,  filtered  and  crystallized,  and 
these  crystals  were  washed  with  alcohol  and  again  reerystal- 
Hzed.  Determinations  were  made  at  each  stage  and  the 
purification  was  continued  until  constant  results  were  ob- 
tained. (Liebig,  Annal,  68, 1848,  214 ;  Bibl  Univ.,  Arch,  des 
Sciences,  8,  265.) 

H.  Struve:  136.26  (0  =  16). 
100  parts  of  barium  chloride  gave  112.0938  parts  of  snl- 
phate  as  a  mean  of  two  experiments;  extreme  difference, 
0.005.     8  =  32;  01  =  35.4624.     {Liebig,  AnnaL,  80,  1851, 
204;   Oefversigt  af  Kongl.  vet.  Aead.  Foehr.,  6,  165.) 

T.  Andrews:  137.578  (0  =  16). 
Andrews  obtained  this  number  from  two  nearly  coinci- 
dent experiments  of  which  he  gives  no  details.     {Brit.  Assoc. 
Bep.,  1852,  pt.  2,  33.) 
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C.  Maeignac:  137.1G  (0  =  16). 
Three  experiments  were  made  on  the  titration  of  air-dried 
barium  chloride  in  crystals  by  Pelouze'a  method,  (vide  supra.) 
Five  grammes  of  the  salt  required  for  precipitation  (1) 
4.4205;  (2)  4.4195;  (3)4.4210  grammes  silver.  Three  ex- 
periments were  made  on  the  conversion  of  the  same  barium 
chloride  into  sulphate.  Tea  grammes  of  the  salt  gave  (1) 
9.543;  (2)  9.544;  (3)  9.542  grammes  sulphate.  In  each  of 
the  latter  experiments  the  water  was  determined,  and  was 
found  to  vary  no  more  than  0.0005  grammes.  Comparison 
of  the  two  series  gives  for  Ag=108,  8^:16,  and  0^ 
8;  barium  equal  to  (1)  68.57;  (2)68.61;  (3)  68.55;  in  mean 
68.58,  or  one-half  of  137.16.  This  result  is  independent  of 
the  possible  trace  of  water  the  chloride  might  have  con- 
tained. In  another  series  of  three  experiments  the  water 
was  driven  off'  at  a  low  red  heat  and  determined,  and  the 
salt  analyzed  by  Pelouze's  method.  It  was  proved  that 
barium  chloride  is  not  decomposed  at  the  temperature  em- 
ployed. (1>  gave  68.61 ;  (2)  58.59 ;  and  (3)  68.55,  or  a  mean 
of  68.583.  The  salt  for  the  experiments  marked  (1)  was 
prepared  by  recry stall ization  and  precipitation  with  alcohol ; 
that  for  (2)  by  a  repetition  of  the  same  process,  and  for 
(3)  by  resolution  of  (2)  and  precipitation  with  chlorhydric 
acid  gas.  Marignae  proved  that  the  precipitated  argentic 
chloride  contained  entirely  insignificant  traces  of  barium 
salt.  CI  =T-  S5.5.  {Bibl.  Univ.,  Archives  des  Sciences,  Nouo. 
Sirie.,  X,  1858,  209.) 

J.Dumas:  187  (0  =  16). 
Determined  by  fifteen  experiments  on  the  titration  of 
barium  chloride  with  argentic  nitrate,  which  give  a  general 
average  of  68.516  with  an  extreme  difference  of  0.11.  The 
barium  chloride  was  prepared  from  pure  nitrate  and  pure 
carbonate,  and  from  commercially  pure  chloride  after  it  had 
been  freed  from  lead  by  precipitation  with  barium  sulphide. 
The  chloride  was  precipitated  from  solution  by  chlorhydric 
acid  gas  and  melted  in  a  current  of  chlorine  to  prevent  oxi- 
dation. Ag  =  108;  01  =  35.5.  (Amaks  de  Ckimie  et  de 
Physique,  (3,)  55,  1859,  137.) 


BERYLLIUM. 


The  atomic  heat  of  beryllium  has  been  determined  by  J. 
Emerson-Reynolds  by  direct  comparison  with  that  of  silver. 
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In  a  calorimetric  apparatus  constructed  for  the  purpose,  the 
amount  of  heat  given  off  during  cooling  by  108  parts  of 
silver  heated  to  100°  was  found  to  be  equal  to  that  eoniniu- 
nieated  by  a  little  more  than  9.2  parts  of  beryllium  under 
the  same  conditions.  Assuming  the  atomic  weight  of 
the  metal  to  be  9.2,  the  atomic  heat  found  would  be  5.91. 
The  smallness  of  this  number  the  observer  accounts  for  by 
supposing  that  there  was  a  trace  of  platinum  present  intro- 
duced by  the  use  of  platinum  vessels  in  the  course  of  re- 
duction.    {Phil.  Mag.,  (5,)  3,  1877,  88.) 

J.  J.  Bbr?elios  :  14-5  (0  ^  16). 

BerzeliuB  analysed  the  salt  formed  by  saturating  dilute 
sulphuric  acid  with  beryllium  oxide.  From  the  amount  of 
barium  sulphate  obtained  he  inferred  that  the  atomic 
weight  of  bervllium  was  331.261  on  the  supposition  that 
theoxide  was^e,  +  O3  and  that  the  salt  was  neutral.  Ber- 
zelius  took  O^  100;  S^  200.75,  and  Ba  =  855.29.  [Awde- 
jew  having  discovered  that  this  salt  is  basic,  this  value  is 
reduced  to  90.63;  or,  for  0  =  16,  to  14.5.]  Berzelius 
accepted  Awdejew's  determination  in  preference  to  his  own. 
(Po§gend.  Amal.,8, 1826, 187  ;  and  Lehrbuch  der  Ckemie,  5th 
ed.,  3,  1225.) 

T.  Thomson  :  36  (O  —  16). 

Experiments  not  given.  The  value  is  four  times  nine, 
and  may  have  arisen  from  a  mistake  as  to  saturation. 
{Si/stem.  of  Chem.  7  ed.,  1,  1831,  459.) 

— .  AwDEJEW :  J3.SS  (0  =  16) ;  86.S8  (0  =  100). 

Beryllium  sulphate,  in  cblorhydric  acid  solution,  was  de- 
composed with  barium  chloride.  In  the  filtrate  the' excess 
of  barium  chloride  was  precipitated  with  sulphuric  acid, 
and  the  beryllium  oxide  thrown  down  with  ammonia,  dried, 
heated,  and  weighed.  The  beryllium  sulphate  was  prepared 
from  pure  carbonate  by  treatment  with  sulphuric  acid  and 
precipitation  with  alcohol.  It  was  purified  by  recrystalli- 
zation.  Four  experiments  were  made,  the  mean  of  which 
calculated  for  S  =  201.165,  gave  Be  =  58.084  with  an  ex- 
treme difference  of  1.955.  {Foggend.  AnmL,  56, 1842,  106.) 
Weeren  recalculated  these  analyses  for  S  =  200  and  got 
57.72,  [or  f  of  86.58.]     (Poggend.  Annal,  9S,  1824,  124.) 
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J.  Weeien  :  13.SS  (O  =  16) ;  SeJiS  (0  =  100). 

Weeren  followed  the  »amo  method  as  Awdojew,  except 

that  he  precipitated  the  beryllium  with  ammonium  sulphide 

the  oxide  being  soluble  in  excess  of  ammonia.     The  mean 

ot  four  experiments  gave  57.64,  the  extreme  difference 

I""!i%^-*Lo'"'  Hr^""'  ["•''''  "  S  of  86.46.]      Weeren 
took  S  =  200.     {Paggemt.  Annal.,  9S,  1854,  124.) 

G.  KlATZO :  13.S9  (0  =  16). 

Klatzo  made  five  analyses  of  the  sulphates  containing 
seven  and  four  molecules  of  water,  precipitating  the  sul- 
phuric acid  as  barium  sulphate,  and  the  beryllium  as  oxide 
by  means  of  ammonia.  From  a  comparison  of  the  sum  of 
the  oxide  found  in  all  the  analyses  with  the  total  amount  of 
barium  sulphate  fonnd,  Klatzo  deduces  Be  =  9.227  for  Ba  = 
II  A^"^  ?  ?  ^^'     P''  ^'^  ''  '*'=o°  »9'"'l  t°  127-16,  and  S  = 

1 1'o"™"  m  "  °'  '""^  analyses  is  calculated  for  itself.  Be 
=  l<i.89.  Ihe  extreme  difference  is  0.45.]  The  sulphates 
were  purihed  by  recryatallization,  and  treatment  with  alco- 
hol. (Erdmann's  Journ.  fur  Pmk.  Oheme,  106,  1868,  227- 
Klatzo,  Veher  du  Conslitutioit  der  Berylkrde,  Dorpat,  1868.)     ' 

L.  F.  Nilson  and  0.  Pettersson  have  redetermined  the 
specific  heat  of  beryllium  within  a  few  weeks.  They  find 
the  specific  heal  0.4079,  corresponding  to  a  trivalent  metal 
and  a  sesqni-oxide.  The  investigation  seems  to  have  been 
made  with  great  care,  while  that  of  Emerson-Eeynolds  was 
merely  preliminary.  (BerUn.,  Bericht  der  chem.  Oes.,  11, 1878 


Dulong  and  Petit,  liegnault,  and  Kopp,  have  determined 
the  specific  heat  of  Bismuth.  It  corresponds  to  an  atomic 
weight  of  about  210.     (Gmelin-Kraut,  I  e.) 

P.   Lagerhjelm:  «2.««  (0  =  16);  1330.377  (0  = 

_  Metallic  Bismuth  was  oxidized  in  a  weighed  vessel  by 
nitric  acid,  and  the  nitric  acid  expelled  by  heat.  10  grammes 
ot  bismuth  gave  11.1275  oxide.  (Berielius'  Lehrbueh  der 
Chemie,  5th  od.,  S,  1216;  Stockholm,  Akad.  Birndl.,  S4  1813 
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E.  Schseider:  £08  (0  =  16);  1299.98  (0  =  100). 
Determined  by  eight  experiments  on  the  conversion  of 
metallic  bismuth  into  oxide  b^  solution  in  nitric  acid  and 
decomposition  of  the  nitrate  in  the  same  vessel.  The  es- 
caping gases  were  led  through  nitric  acid,  and  the  bismuth 
caught  in  this  way  was  separately  converted  into  oxide  and 
weighed.  In  four  experiments  the  bismuth  was  prepared 
by  the  reduction  of  basic  nitrate,  and  for  the  other  four  by 
the  reduction  in  hydrogen  of  the  oxide  formed  in  those 
which  preceded.  100  bismuth  oxide  were  found  to  contain 
a  mean  of  89.655  metal ;  extreme  difference,  0.048.  (Fog- 
gmd.  Annal,  82,  1851,  303.) 

J.  Dumas:  210.44  (0  =  16). 
Determined  by  seven  experiments  on  bismuth  chloride, 
which  was  decomposed  in  solution  by  sodium  carbonate, 
and  the  sodium  chloride  thus  formed  titrated  with  silver 
solution.  The  value  taken  is  the  mean  result.  The  extreme 
difference  is  1.12.  Dumas  takes  Ag  =  108,  and  CI  =  35.5. 
The  bismuth  chloride  was  prepared  by  the  action  of  chlo- 
rine on  bismuth,  and  was  purified  by  fractional  distillation 
over  bismuth.  That  employed  in  the  experiments  was 
colorless.  {Annal.  de  Ghimie  et  de  Physique,  (3,)  55, 1859, 
176.) 


BORON. 


The  specific  gravities  of  a  number  of  volatile  compounds 
of  boron  have  been  determined  by  Dumas,  Woehler  and 
Deville,  and  others,  and  correspond  to  an  atomic  weight  of 
about  11.     [Gmelm-Kraut,  I.  c;  L.  Meyer,  I.  c.) 

H.  F.  Weber  has  discovered  that  the  specific  heat  of  boron 
rises  rapidly  with  the  temperature,  becoming  nearly  constant 
at  600°.  Above  this  temperature  its  specific  heat  is  0.5,  and 
its  atomic  heat  5.5.     [Poggend.  Annal,  154,  1875,  575.) 

J.  J.  BBRZELms  :  11.01  (0  =!«). 
Davy's  investigations  having  shown  that  boracic  acid  con- 
tains about  08  per  cent,  oxygen,  and  having  thus  established 
the  formula  of  borax,  Berzelius  determined  the  atomic 
weight  from  the  water  contents  of  that  salt.  He  found  in 
three  experiments,  without  variation,  47.1  per  cent.  Gme- 
lin-Kraut  recalculates  this  composition  with  Stas'  atomic 
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weights,  and  gets  the  value  given.    iPoggend.  Annal.,S,X%2Q, 
19.) 

A.  Laubgnt:  10.86  (0  =  16). 
Laurent  found  that  borax  retains  some  water  even  when 
melted,  which,  however,  can  be  expelled  by  the  addition  of 
Iceland  spar.  By  repeating  Berzelius'  experiments,  and 
adding  a  known  weight  of  spar,  he  found  the  water  con- 
tents in  two  experiments  47.15  and  47.20.  He  did  not 
regard  the  experiments  as  accurate.  Gmelin-Kraut  recalcu- 
lates these  data  with  Stas'  atomic  weights,  and  gets  B  = 
10.91  and  10.81.     {Paris  Comptes  Bendus,  ^9,  1849,  5.) 

WoBHLBR  and  Dbvillb  :  10.87  (0^16), 
These  ehemista  titrated  the  bromide  and  the  chloride  of 
boron  with  argentic  nitrate.  They  do  not  offer  the  analy- 
ses as  atomic  weight  determinations,  but  Dumas  applies  the 
data  to  this  object.  Taking  Ag  ^  108,  and  Ci  =  35.5,  Dumas 
calculates  from  the  analysis  of  the  chloride  prepared  by  the 
action  of  H  CI  on  B,  B  =  11 ;  from  the  analysis  of  the 
chloride  prepared  by  the  action  of  CI  on  B,  B  ^  lO.G ;  from 
the  analysis  of  the  bromide  prepared  by  the  action  of  bro- 
mine on  boron,  B  ^=  11,  (Annal.  de  Gkimie  et  de  Physique, 
(3,)  6S,  1858,  88;  SS,  1859,  129.) 

T.  Thomson  :  10.67  (0  =  16). 
Thomson  supposed  boraeic  acid  to  be  composed  of  one 
atom  of  boron  and  two  of  oxygen,  and  concluded  from 
Davy's  and  his  own  experiments  that  the  atom  of  B  was 
exactly  equal  to  that  of  0.  For  the  correct  composition  of 
the  acid  his  value  must  be  reduced  one-third.  (S>/stem  of 
C/(em.,7thed.,i,  1831,  214.) 


BROMINE. 


Mitscherlich  determined  the  vapor  density  of  bromine, 
and  Regnault  the  specific  heat  in  a  solid  condition  at  very 
low  temperatures.  Both  of  these  constants  correspond  to 
an  atomic  weight  of  80.     {G-mdin-Kraiit,  I.  c;  L.  Meyer,  I.  c.) 

A.  J.  Balard  :  75  {0  =  16) ;  468.85  (0  =  100). 
1.27  potassium  bromide  decomposed  with  sulphuric  acid 
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gave  a  residue  of  0.973  potassic  sulphate.  [If  this  analysis 
is  calculated  with  Stas'  atomic  weights,  it  gives  Br  =  74.65.] 
In  another  experiment  100  parts  of  argentic  bromide  reduced 
with  zinc,  the  excess  of  which  was  extracted  with  sulphuric 
acid,  gave  58.9  parts  silver.  [Calculated  with  Stas'  data 
this  gives  Br  ^  75.3.]  Balard  mentions  no  special  precau- 
tions in  the  preparation  of  his  salts  for  this  determination. 
(Annal.  de  Ckimie  el  de  Physique,  SS,  1826,  357,  862.) 

J.  Liebig:  75.W  (0  =  16);  470.55  (0  =  100). 
2.521  potassic  bromide  precipitated  with  argentic  nitrate 
gave  4.041  argentic  bromide.  The  potassic  bromide  was 
obtained  by  adding  potassic  hydrate  to  an  alcoholic  solution 
of  bromine  until  the  solutioa  began  to  lose  color.  {Annal. 
de  Ckimie  el  de  Physique,  S3,  1826,  331.) 

,  J.  J.  Bbrzelius  :  78.^64.  (0  =  16) ;  489.15  (O  =  100). 
Beraelius  suspected  that  insufficient  precautious  had  been 
taken  in  the  preceding  determinations  to  get  rid  of  chlorine. 
He  washed  bromine  tor  a  long  time,  and  converted  it  into 
zinc  bromide  and  ammonium  bromide.  These  salts  he  par- 
tially precipitated  with  argentic  nitrate  to  get  rid  of  chlorine. 
J'rom  the  filtrate  he  precipitated  argentic  bromide  which  he 
washed,  dried,  and  melted.  7.202  of  this  bromide,  decom- 
posed in  a  current  of  chlorine,  yielded  5.546  argentic  chlo- 
ride; 7.8805  bromide  gave  6.069  chloride.  If  Ag=  1351.607, 
and  01  =  442.652,  the  mean  value  of  Br  is  as  above ;  differ- 
ence, 0.09.  {Poggend.  Annal,  li,  1828,  565;  Kongl.  vet. 
Akad.  BandL,  1828.) 

0.  Loewig:  75.76  (0  =  16). 

According  to  Gmelin-Kraut,  Handbuch  der  Ckemie,  the 
determination  was  published  in  a  treatise  entitled  Brom  und 
Seine  Chemiscke  Verkdltnisse,  Heidelberg,  1829. 

C.  Marignac:  79.957  (0  =  16). 

In  three  experiments  a  known  weight  of  silver  was  dis- 
solved in  nitric  acid,  precipitated  with  potassium  bromide, 
and  the  argentum  bromide  dried  at  200°  and  weighed.  [For 
Ag  =  107.~93  these  experiments  give  Br  =  79.938,  with  an 
extreme  difterence  of  0.018.]  In  vacuo  this  result  is,  accord- 
ing to  Stas,  79.968.  In  seven  experiments  a  known  weight 
of  silver  was  precipitated  by  a  determinate  amount  of  potas- 
sic bromide  by  titration.     [If  K  =  39.137,  and  Ag  =  107.93, 
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this  givea  bromine  =  79.924  with  an  extreme  difference  of 
0.046.]  In  vacuo  this  becomes,  according  to  Stas,  79.945. 
In  four  experiments  potassium  bromate  was  decomposed  by 
heat,  and  the  potassie  bromide  weighed.  [For  K  =  39.137 
these  experiments  give  bromine  at  80.11  with  an  extreme 
difference  of  0.56.  These  latter  are  evidently  much  less 
accurate  than  the  preceding,  and  I  have  therefore  averaged 
the  first  and  second  series  in  vacuo.']  The.KBr  was  prepared 
hy  heating  bromate  purified  by  recrystallization,  {Berzelius' 
Lekrbuch  der  Chemie,  5th  ed.,  3,  1194:  Bibl.  Univ.,  AS,  1843, 
357.) 

W.  Wallace  :  79.74  (0  =  16). 
Determined  by  analysis  of  arsenic  ter-bromide,  by  titra- 
tion with  argentic  nitrate,  according  to  the  method  of 
Pelouze,  (see  arsenic,  Pelouze's  determination.)  Three  ex- 
periments were  made,  giving  a  mean  of  79.738;  extreme 
difference,  0.051.  As  ^75;  Ag  =  107.97.  The  arsenic 
and  bromine  were  directly  combined,  and  the  compound 
was  purified  by  fractional  distillation  and  recrystallization. 
(Pkil.  Mag.,  (4,)  IS,  1859,  279.) 

J.  DoMAS  :  80  (0  ^  16). 
Determined  by  three  experiments  on  the  conversion  of 
argentum  bromide  into  chloride  in  a  current  of  dry  chlorine. 
The  mean  is  80.03;  the  extreme  difference  is  0.18.  Silver 
is  taken  at  108,  and  chlorine  at  35.5.  The  argentum  bro- 
mide was  prepared  with  bromine  free  from  iodine,  and  was 
purified  from  chlorine  by  digestion  with  argentum  bromide. 
{Annal.  de  Chemie  et  de  Physique,  (3,)  55,  1859,  162.) 

J.  S.  Stas  :  79.952  (O  =  16). 
Four  complete  syntheses  {the  weight  of  each  of  the  con- 
Btituents,  and  of  the  compound  being  determined)  were 
made  of  argentum  bromide,  a  known  weight  of  silver  being 
converted  into  sulphate,  and  precipitated  with  a  known 
weight  of  bromine  which  had  been  converted  into  hydro- 
bromie  acid.  The  mean  result  was  that  100  Ag  ^=  74.0805 
Br;  with  an  extreme  dift'erenee  of  0.004.  Two  analyses  of 
argentic  bromate,  made  by  reducing  the  salt  in  suspension 
with  sulphurous  acid,  gave  for  the  molecular  weight  of  the 
bromide  187.84,  and  187.90,  moan  187.87.  A  comparison 
of  these  data  gives  Br  =  79.940.  [This,  I  think,  must  be  a 
misprint  for  79.949.1  Fourteen  experiments  were  made  on 
the  equivalence  of  KBr  and  Ag  by  Pelouze's  method,  (see 
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As,  Pelouze'e  determination.)  The  mean  result  was  that 
100  Ag  =  110.345  KBr;  extreme  difference,  0.029.  Thia 
givea  Br  =  7!).958  for  Ag  =  107.93,  and  K  =  39.137.  The 
bromate  of  silver  was  prepared  from  potassic  bromate  and 
silver  salts.  For  the  preparation  of  Ag  see  Stas'  determi- 
nation of  it.  The  potassic  bromate  was  prepared  by  the 
action  of  chlorine  on  a  mixture  of  KBr  and  KHO.  The 
bromide  was  prepared  by  the  action  of  heat  on  bromate,  by 
treating  bromine  with  KHO,  and  in  other  ways.  No  reagents 
were  probably  ever  prepared  with  such  care  as  those  em- 
ployed in  this  and  the  accompanying  determinations.  The 
weights  are  all  in  vacuo.  {Stas,  Unlersuch.  iiber  Ohem.  J'ro- 
port.,  Leipzig,  1867.) 


CADMIUM. 


Regiiault,  Kopp,  and  Bunsen  have  determined  the  epeeitic 
heat  of  cadmium,  which  corresponds  to  an  atomic  weight 
of  112.  Deville  and  Troost  determined  the  density  of  cad- 
mium vapor  at  above  1000°.  It  answers  to  an  atomic  weight 
of  114.     (Gmelin-Kraut,  I.  c;  L.  Meyer,  I.  c.) 

I".  Stromeyer  :  III.4B  (O  =  16);  696.767  (0  =  100). 

Stromej'er  found  that  100  parts  of  cadmium  combine  with 

14.352  parts  of  oxygen  to  form  the  oxide.     {Berzelius'  Lekr- 

buchder  CAemie, 5th ed., 5, 121 9;  Schwe^ffer's  Journ.,S^,lS18, 

362.) 

T.  Thomson:  JW  (0  =  16);  700  (0  =  100). 
Thomson  says  that  he  has  shown  this  to  bo  the  true  value 
bv  analysis  of  the  sulphate  in  two  different  states.     {System 
of  Ckem.,  7th  ed.,  X,  1831,  555.) 

K.  voK  Hauer  :  112  (0  =  16) ;  700  (O  =  100). 
Determined  by  nine  experiments  on  the  reduction  of  cad- 
mium sulphate  to  sulphide  in  a  current  of  hydrogen  sulphide 
under  pressure.  The  mean  of  the  experiments  gave  Cd  = 
55.999;  extreme  difference,  0.16.  Von  Hauer  took  S  =  16. 
The  sulphate  was  purified  by  repeated  recrystaliizations  and 
by  conversion  into  oxide.  It  was  dried  at  200°.  The  sul- 
phide was  in  each  case  carefully  examined  for  undecomposed 
sulphate.     [Erdmann's  Journ.fiir  Prak.Chem..,  72, 1857,  346.) 
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J.  Dumas;  112.24  (0  =  16). 
Determined  by  six  experiments  on  the  titration  of  cadmium 
chloride  with  argentic  nitrate.  Tbe  mean  of  alt  the  experi- 
ments was  Cd  =  56.12;  extreme  difference,  0.49.  The  third 
experiment  varies  considerably  from  the  rest,  and  Dumas 
seems  inclined  to  omit  it  in  the  average.  If  it  ia  left  oat, 
the  mean  becomes  56.06 ;  extreme  difference,  0.29.  Dumas 
takes  CI  =  35.5 ;  Ag  =  108.  The  cadmium  chloride  was 
prepared  in  two  lots  by  solution  of  cadmium  in  chlorhydric 
acid,  evaporation  and  melting  for  several  hours  in  a  current 
of  chlorhydric  acid  gas,  {Annal.  de  Chimie  et  de  Physique, 
(3,)  55,  1859,  158.) 

E.  Lenssen:  112.06  (0  =  16). 
Three  experiments  were  made  on  the  decomposition  of 
cadmium  oxalate,  the  salt  and  the  resulting  oxide  being 
weighed.  The  mean  result  was  Cd  =  56.03;  extreme  dif- 
ference, 0.19.  C  =  6.  The  oxalate  was  prepared  from  pare 
chloride  by  precipitation  with  oxalic  acid,  washing  and  dry- 
ing at  150°.  It  was  carefully  tested,  and  was  found  to  be 
anhydrous.     (Erdmarm's  Joum.  fur  Prak.  Ckemie,  79, 1860, 


The  great  similarity  between  eseaium  and  the  other  alka^ 
line  metals  renders  the  deduction  of  its  atomic  weight  from 
ite  equivalent  sufficiently  certain. 

EiRCHHOPE  and  lixjKSEN :  123.35  (0=16). 
Determined  by  three  experiments  on  the  analysis  of  the 
chloride  with  argentic  nitrate.  The  value  is  the  mean ; 
extreme  difference,  0.13.  The  csesium  was  separated  from 
the  other  alkalies  by  extracting  a  mixture  of  oxides  and  car- 
bonates with  alcohol.  It  was  converted  into  chloride  by 
precipitation  with  platinum  chloride,  reduction  of  the  dou- 
ble chloride  in  hydrogen  and  solution.  These  operations 
were  repeated  until  the  caesium  salt  gave  sensibly  the  same 
results  after  successive  purifications.  Its  purity  was  also 
tested  speetroscopically.  Silver  was  taken  at  107.94,  and 
chlorine  at  35.46.     {Poggend.  AnnaL,  113,  1861,  363.) 
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Johnson  and  Allen  :  133  (0  =  16). 
Determined  by  four  experiments  on  tile  precipitation  of 
OKsinm  cliloride  witli  argentio  nitrate.  Tlie  mean  result 
was  Cs  =  133.036;  tire  extreme  difierence,  0.842.  Ag  = 
107  94-  Ci  =  35.46.  Caisium  and  rubidium  were  separated 
bv  partial  orvstallization  of  their  bitartrates.  The  eaisium 
bitartrate  was  eonverted  into  chloride  by  precipitation  with 
platinum  chloride,  reduction  and  solution.  The  nitrate 
formed  on  the  precipitation  of  the  cajsium  chloride  with 
silver  was  reconverted  into  caisium  chloride  and  redeter- 
mined, and  so  on.  The  purity  of  the  salt  was  tested  spec 
trosoopically.  {SiMrmn's  Amur.  Journ.,  {2,)  SS,  1863,  96.) 
E.  W.  BONSEN:  133  (0  =  16). 
Determined  by  three  experiments  on  the  precipitation  of 
cajsinm  chloride  with  argentic  nitrate.  The  mean  result 
was  132.99;  extreme  difference,  0.02.  Ag  =  107.94;  01 
=  35  46  In  order  to  prepare  pure  chloride,  a  mixture  ot 
CiBsium  and  rubidium  salts  was  converted  into  carbonates, 
a  little  more  tartaric  acid  was  added  than  was  necessary  to 
form  acid  tartrate  with  the  rubidium  and  neutral  tartrate 
with  the  caesium,  and  the  mixture  was  exposed  on  a  filter 
to  the  action  of  a  saturated  atmosphere  of  aqueous  vapor. 
The  cMsium  salt  is  deliquescent,  and  gradually  passes 
through  the  iilter,  while  the  rubidium  salt  is  unaflected. 
The  CKsium  tartrate  was  turned  into  pure  chloride  by  re- 
peated precipitation  with  platinum  chloride,  reduction  m 
hydrogen  and  solution.  The  determinations  were  made  on 
the  priduct  of  successive  purifications,  and  only  those  were 
taken  into  consideration  which  were  made  after  analysis 
showed  a  constant  composition.  The  spectroscope  was  em- 
ployed to  test  the  purity  of  the  salt.  (Poggend.  AnnaL,  nn, 
1863,  6.) 

_.  Mercbr  :  133  (0  =  16). 
The  fact  of  this  determination,  without  details,  is  men- 
tioned by  Frankland.     {Chem.  News,  8, 1863, 18.) 

E.  GoMIFBOY :  132.557  (0  =  16). 
Derived  from  the  mean  of  four  analyses  of  cfesiura  chlo- 
ride with  argentic  nitrate,  the  extreme  difierence  being 
0  185.  C!  =  35.5  ;  Ag  =  108.  The  cfesium  was  separated 
from  the  other  alkalies  by  the  fractional  crystallization  of 
their  alums   continued   until    the   cfesium  compound  was 
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spectroacopieally  pure.  The  aluminium  was  removed  with 
ammonia,  the  sulphuric  acid  with  barium  chloride  and 
traces  of  barium  with  ammonium  carbonate.  The  cassium 
chloride,  which  was  not  deliquescent,  waB  dried  at  150°. 
{Liebig's  Amal,  181,  1876,  185.) 


Bunsen  has  determined  the  specific  heat  of  calcium.     It 
corresponds  to  an  atomic  weight  of  40.     {Qmelin-Kraut,  I.  c.) 

F.   H.  Wollaston:    4.0.7S6   (0  =  16);    254.6   (0  = 
100). 
■Wollaston  found  that  43.7  parts  of  carbon  di-oxide  satu- 
rated 56.3  parts  of  lime.     If  C  =  75.4,  the  value  follows. 
[Phil.  Trans.,  lOi,  1814,  20.) 

J.  J.  Bbrzblius  :  40.32  {0  =  16) ;  252.075  (0  =  100). 
301  parts  of  anhydrous  caleiam  chloride  gave  775  parts 
argentic  chloride.  If  01=443.28  and  Ag  =  1349.66  the 
value  follows.  This  analysis,  made  in  1818,  was  erroneously 
calculated  from  a  mistake  in  setting  down  its  results  and 
the  atomic  weight  of  Ca  was  taken  at  256.019.  [Poggend. 
Anna.l.,8,  1826,189;  and  Lehrbuck  der  Chemie,  5th  ed.,  5, 
1227.) 

J.  Dumas:  40  (0  =  16). 
Three  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  which  contained  0.03  per  cent,  of  ferric  oxide 
and  silicic  acid.  The  weight  of  the  residue  was  in  mean 
56.07,  or,  subtracting  0.03,  56.04,  with  an  extreme  difierence 
of  0.08.  These  figures  give  almost  exactly  40.  The  weigh- 
ings are  reduced  to  vacuum.  (Paris  Comptes  Pendus,  lA, 
1842,  537.) 

— .  Salvetat  :  40  (0  =  16) ;  250  (O  =  100). 
It  is  to  be  inferred  from  the  context  that  this  determina^ 
tion  was  made  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  calcium  carbonate  by  heat  or  suTphuricaeid. 
{Paris  Comptes  Pendus,  17,  1843,  318.) 
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C.  Marignac:  iO.SOS  (0  =  16);  251.3  (0  =  100). 
Determined  by  precipitating  calcium  chloride  with  argen- 
tic nitrate;  Ag  =  1349.01;  01  =  443.2.  Marignac  laid  no 
weight  on  this  determination  finding  it  impossible  to  pre- 
pare calcium  chloride  which  did  not  show  an  alkaline  re- 
action. The  presence  of  caustic  lime  would  make  the  result 
erroneously  high ;  no  doubt  Berzelius'  early  analysis  was 
defective  from  the  same  cause.  {Berzelius'  Jahresbericht,  ^4, 
1844,  103;  Bibl.  Univ.,  4-6,  1843,  867.) 

Erdmank  and  Mabohand  :  40.007  (0  =  100). 

Fonr  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  enclosed  in  a  double  platinum  crucible  in  a 
wind-furnace,  till  the  weight  was  constant.  A  mean  of  56 
per  cent,  calcium  oxide  was  found  with  an  extreme  dif- 
ference of  0.05.  This  gives  Ca  =  40  for  C  =  12.  Two  ex- 
periments were  made  by  decomposing  calcium  carbonate 
by  sulphuric  acid.  These  gave  a  mean  of  43.99  carbonic 
acid;  difierence,  0.02.  The  value  taken  is  the  mean  of  all 
experiments.  The  carbonate  was  prepared  by  precipitating 
calcic  chloride  with  ammonium  carbonate,  and  di-ying_  at 
160°  to  180°.  Coniirmatory  experiments  were  made  on  Ice- 
land spar.  Tbe  weighings  are  reduced  to  vacuum.  (JErd- 
mam's  Jovrnjur  Prak.  Ckem.,  ^6,  1842,  472.) 

Berzelius  maintained  that  Erdmann  and  Marehand  em- 
ployed material  conttuning  water,  chlorine  and  magnesium, 
Erdmann  and  Marehand  answered  that  there  could  be  no 
magnesium  and  was  no  chlorine  but  that  they  had  convinced 
themselves  that  spar  is  the  only  compound  of  certain  and 
constant  composition.  Berzelius  replied  that  they  then 
admitted  that  their  carbonate  contained  water.  Brdmanu 
and  Marehand  appealed  to  their  experiments  on  spar,  upon 
which  Berzelius  made  experiments  showing  that  spar,  too, 
retains  water  at  200°.  This  Erdmann  and  Marehand  de- 
nied and  finally  assert  that  all  the  carbonic  acid  is  not  driven 
off  at  any  attainable  temperature,  and  that  their  results 
were  theretbre  too  high  instead  of  being  too  low.  The 
error  they  estimate  to  exactly  cover  the  difference  between 
their  averages  and  40.  {Eriimann's  Journ.  fur  Prak.  Chem., 
SI,  1844,  257;  37,  1846,  75;  50,  1850,  237.) 

Erdmann  and  Marchand:   /fi.062  {0  =  1Q)  ;   250.39 
(O  =  100). 


made 


The  spar  experiments  referred  to  above.  Six  analyses  were 
ade  as  before,  giving  a  mean   of  56.028  oxide;  extreme 
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difference  0.047.  [Erdmann's  Joum.  fur  Prak.  Ckcmie,  SI, 
1844,  268.)  Another  experiment,  in  which  the  absence  of 
water  was  proved,  gave  56.03  lime.  The  weighings  are  re- 
duced to  vacuum.  (Erdmann's  Jourti.  fiir  Pra/c.  Vhem.,S7, 
1846,  77.) 

J.    J.    Berzelips:    iO.S64.  {0  =  \Q);    251.651(0  = 
100). 

Five  experiments  were  made  on  the  conversion  of  caustic 
lime  into  sulphate.  The  value  is  the  mean  for  S  =  200.75 ; 
extreme  difference  0.962  for  0  =  100.  The  lime  was  care- 
fully purified  and  burnt,  but  Berzelius  saya  nothing  of  test^ 
ing  it  for  carbonic  acid,  upon  which  Erdmann  and  Marchand 
found  an  objection.  Berzelius  expresses  himself  ill  satisfied 
with  the  results.  {lAebiff's  Annal,  ^6,  1843,  241;  also 
Lehrbueh  der  Ckemie,  5th  ed.,  S,  1228.) 

J.  Dumas  :  40.02  (0  =  16). 
Five  experiments  were  made  on  the  titration  of  calcium 
chloride  with  argentic  nitrate.  They  give  a  mean  of  20.065, 
but  Dunias  considers  only  three  of  them  as  entitled  to  a 
voice.  These  give  20.01;  extreme  difference,  0.03.  The 
calcium  chloride  was  prepared  by  dissolving  marble  in 
chlorhydric  acid,  digestion  with  lime  water,  filtration, 
evaporation,  treatment  with  chlorhydric  acid  and  heating 
in  a  current  of  chlorine.  For  the  three  experiments 
averaged  the  chloride  was  kept  melted  in  the  current  of  gas 
for  from  8  to  10  hours.  Ag  =  108 ;  CI  =  35.5.  {Annal.  de 
Chimk  ei  de  Physique,  {3,}  55,  1859,  129.) 


CARBON. 


The  specific  gravity  of  gaseous  carbon  compounds  shows 
that  the  atomic  weight  must  be  nearly  12,  [Gmelin- Kraut, 
I.  e.)  Weber  has  shown  that  the  specific  heat  of  carbon  at 
high  temperatures  obeys  Dutong  and  Petit's  law. 

F.  H.  WOLLASTOH :  1^.064  (0  =  16) ;  75.4  (O  =  100). 
Biot  and  Arago  found  the  specific  gravity  of  carbon  di- 
oxide 1.5196,  and  that  of  oxygen,  1.1036.     Calculation  from 
these  data  gives  the  value.     {Phil.  Trans.,  104,,  1814,  20.) 
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J.  J,  Bebzelius  :  earlier  determinations. 
In  1817  Berzeliue  attempted  to  determine  the  atomic 
weight  of  carbon  by  two  analyses  of  plumbic  carbonate. 
[These  analyses  calculated  for  Pb  =  206.926  (Staa,)  give  C 
=  11.998  and  H.984,  or  74.99  and  74.90.]  Considering  the 
difference  too  great,  he  calculated  the  atomic  weight  from 
Biot  and  Arago's  determination  of  the  specific  gravities  of 
carbon  di-oxide  and  oxygen,  1.10369  and  1.61961.  Berze- 
lius  gives  76.83  as  the  result;  [I  make  it  75.894.]  Subse- 
quently, (1819,)  Berzeliua  and  Dulong  determined  these 
specific  gravities  more  accurately  at  1.524  and  1.1026  whence 
he  calculated  C  =  76.437.  This  number  was  accepted  until 
Dumas  showed  it  to  be  false,  although  in  the  mean  time 
carbon  di-oxide  had  been  shown  to  be  a  condensible  gas. 
According  to  Dumas,  Berzelius  at  one  time  accepted  a  valae 
76.52  of  which  I  have  found  no  account.  In  Berzelius' 
Lehrbuch,  3, 1174,  76.48  is  a  misprint  for  76.437.  (Berzelius' 
Lehrbuch  der  Chemie,  6th  ed.,  3,  1197,  et passim.) 

T.  Thomson:  IS  (0  =  16);  75  (0  =  100). 
Thomson  found  the  specific  gravity  of  carbon  di-oxide 
1.52678.  Assuming  the  specific  gravity  of  oxygen  at  1.1111, 
chiefly  to  accord  with  the  supposition  that  air  is  a  compound 
containing  20  per  cent,  of  oxygen,  he  calculates  the  atomic 
weight  of  carbon  at  75.  {Erdmann's  Journ.  fur  Prak.  Chem., 
8,  1836,  372 ;  Records  of  General  Science,  by  It.  D.  Thomson, 
1836,  179.) 

J.  Dumas  :  about  1^.16  (0  =  16) ;  76  (0  =  100). 
Prom  analysis  of  well  crystallized  naphthaline,  Dumas  in- 
fers that  the  atomic  weight  of  carbon  cannot  be  so  high  as 
76.44,  and  must  be  nearly  as  above.     {Poggend.  AnnaL,  44, 
1838,110.) 

J.  J.  Berzelius:  ^^.^5(0  =  16);  76.458  (0  =  100). 
One  experiment  was  made  on  the  decomposition  of  plum- 
bic carbonate  by  heat,  which  gave  C  =  76.405.  [If  Pb  = 
206.926,  the  data  give  C  =  12.185,  or  76.157.]  Another 
experiment  was  made  on  the  oxalate,  which  gave  C  =  76.611. 
Berzelius  regards  these  results  as  confirmatory  of  the  value 
76.438.  The  plumbic  carbonate  was  prepared  by  precipi- 
tating the  nitrate  with  ammonium  carbonate.  The  oxalate 
was  obtained  by  decomposing  the  acetate  with  oxalic  acid. 
{Li£big's  Annal,  SO,  1839,  241.) 
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G.  PowHES  :  12.12  (0  =  16). 
Determined  by  three  analyses  of  naphthalioe  with  cupric 
oxide,  the  usual  precautions  being  observed.  The  value  is 
the  mean;  extreme  dittbrence,  0.14.  The  naphthaline  was 
purified  by  slow  sublimation  in  a  florence  flask,  and  was 
brilliantly  white.  Fownes  does  not  regard  his  results  as 
conclusive  as  to  the  exact  value.  (Phil.  Mag.,  (3,)  15,  1839, 
62.) 

E.  MiTSCHERLiCH  :  1$.016  (O  =  16) ;  75.1  (0  =  100). 

Experiments  made  on  the  analysis  of  naphthaline  by  the 

ordinary  method  of  organic  analysis  gave  never  more  than 

75.2,  and  those  which  seemed  moat  accurate  very  nearly  75. 

(Mitscherlkh's  Lehrbuck  der  Chemte,  4th  ed.,  1,  1844,  595.) 

Dumas  and  Stas  -.  IS  (0  =  16) ;  75  (0  =  100). 

Determined  by  fourteen  experiments  on  the  combustion 
of  carbon  in  oxygen,  the  resulting  carbon  di-oxide  being 
weighed.  Infive  cases  natural  graphite  was  employed,  and 
in  tour  graphite  from  charcoal  pig-iron.  Both  were  puri- 
fied by  treatment  with  acid  and  heating  in  chlorine.  The 
necessary  oxygen  was  developed  in  the  combustion -tube 
from  potassic  chlorate  and  cupric  oxide.  In  five  experi- 
ments diamond  was  employed,  and  the  oxygen  was  furnished 
from  a  gasometer.  The  oxj'gen  was  displaced  by  air,  espe- 
cially purified  from  carbon  di-oxide  by  milk  of  lime.  The 
products  of  combustion  were  collected  in  tubes  filled  with 
pumice  stone  moistened  with  sulphuric  acid,  Liebig  potash- 
bulba  and  tubes  filled  with  dry  potash.  The  mean  of  the 
experiments  on  graphite  gave  0  =  74.982;  those  on  dia- 
mond gave  75.005;  the  extreme  difference  was  0.288.  The 
observers  point  out  that  the  result  would  not  be  affected  by 
reduction  to  vacuum.  (Annal.  de  Chimie  et  de  Phmiaue,  ("3  ) 
1,  1841,  5.)  ^  -y    M  >; 

Lieiiig  thinks  that  potash  must  have  been  volatilized,  and 
says  that  there  is  no  assurance  that  the  oxygen  was  com- 
pletely expelled  by  air.  He  also  points  out  that  the  analyses 
of  camphor  and  benzoic  acid,  accompanying  the  investiga- 
tion, show  an  excess  of  carbon  for  0  =  75.  (Liebiq's 
Annal,  S8,lB4:l,l^b.) 

Erdmann  and  Marchand  r  1S.009  (0  =  16) ;  75  054 
(0  =  100). 

Erdmann  and  Marchand  repeated  Dumas'  and  Stas'  ex- 
periments.    Five  experiments  on  diamond  gave  C  =  75.028 ; 
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extreme  difference,  0.38.  Three  experiments  on  natural 
and  one  on  artificial  graphite  gave  0^75.087;  extreme 
ditterence,  0.13,  The  number  is  the  mean  of  all  experi- 
ments. Erdraann  and  Marchand  adopt  75.  Calcium  chlo- 
ride was  used  in  these  experiments  instead  of  sulphuric 
acid  to  avoid  objections  as  to  the  possible  volatility  of  the 
acid.     {Erdmann's  Journ.  fur  Frak.  Ckem.,  SS,  1841,  159.) 

Berzglius   and   Liebiq   and  Eedtenbacheb  :  12.119 
(0  =  16);  75.741  (0  =  100). 

Five  analyses  by  Berzelius  of  the  tartrate  of  lead,  the 
decomposition  being  effected  by  heat,  gave  62.7431  per  cent, 
plumbic  oxide ;  extreme  difference,  0.045.  Several  analyses 
of  plumbic  racemate  gave  a  mean  of  62.75  per  cent,  oxide; 
extreme  difference,  0.05.  The  salts  were  prepared  by  frac- 
tional precipitation  of  plumbic  acetate  with  tartaric  and 
racemic  acids  respectively.  They  were  dried  at  100°.  (Pog- 
gend.  Annal.,  19,  1830,  306.)  From  the  analyses  of  the 
tartrate  Liebig  and  Redtenba'cher  calculate  C  =  75.771,  and 
from  the  racemate  75.711,  taking  Pb  =  1294.489  and  H  = 
6.2394.     {Liebig's  AnmL,  38,  1841,  137.) 

Liebig  and  Eedtenbacher  :  1^.137  (0  =  16);  75,854 
(O  =  100). 
Determined  by  decomposing  known  weights  of  organic 
salts  of  silver  in  a  covered  crucible  by  heat  and  weighing 
the  silver.  Five  analyses  of  each  of  the  following  salts 
showed  that  18.6113  Ag  ^  28.8098  acetate;  9.6171  Ag  = 
16.223  tartrate;  16.2641  Ag  =  27.438  racemate;  16.0596 
Ag  =  25.9019  malate.  If  Ag  =  1351.607  and  H  =  6.2394, 
the  above  value  for  C  follows,  with  an  extreme  difference 
for  the  20  analyses  of  0.765,  (0  =  100.)  The  figures  are  all 
calculated  for  vacuum.  [If  Ag  =  107.93  and  H  =  1.0025, 
the  average  number  obtained  from  the  mean  of  each  set  of 
analyses  gives  C  =  12,06865  or  75.429.]  The  acetate  was 
prepared  by  partially  neutralizing  pure  acetic  acid  with 
ammonia,  precipitating  with  argentic  nitrate  and  reerystal- 
iizing  the  salt  from  not  aqueous  solution.  The  crystals 
were  dried  at  108°.  The  acetic  acid  was  prepared  from 
plumbic  acetate.  The  tartrate  was  prepared  by  adding  tar- 
trate of  sodium  and  potassium  to  a  hot  (80°  to  85°)  dilute 
solution  of  argentic  nitrate  till  a  small  permanent  precipi- 
tate was  formed,  and  cooling  the  solution.  The  racemate 
was  prepared  from  pure  acid  racemate  of  ammonium  like 
the   tartrate.      The    malate   was    prepared   from    calcium 
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malate  and  argentic  nitrate.  The  salt  thus  obtained  was 
dissolved  in  nitric  acid,  and  reprecipitated  with  ammonia 
added  drop  by  drop,  not  to  complete  neutralization,  waahed 
and  dried.     {Liebig's  AnmL,  S8,  1841,  139.) 

A.  Strecker  recalculated  Liebig  and  Rodteubaeher's 
analyses  given  above,  independently  of  the  atomic  weight 
of  silver,  from  the  difference  in  their  atomic  composition, 
employing  the  method  of  least  squares.  He  found  C^ 
75.415  it  0.061,  or  12.066  i  0.01.  In  the  same  way,  and 
from  the  same  analyses  he  calculated  the  atomic  weight  of 
silver  at  1348.79,  or  107.9032.  [The  close  coincidence  be- 
tween this  result  and  Stas',  is  certainly  worthy  of  remark.} 
[Liebig's  Annul,  69,  1846,  280.) 

Marignac  repeated  Liebig  and  Redtenbaeher's  experi- 
ments and  got  almost  the  same  results,  but,  by  varying  the 
method  so  as  to  preclude  loss  by  spirting,  different  ones. 
{Liebig's  Annul.,  59,  1846,  287.) 

Stas  had  the  same  experience  as  Marignac,  and  also 
ascribes  Liebig  and  Redtenbaeher's  high  results  to  loss  by 
spirting.  {Bulletin  de  I' Acad.  Roy.  des  Sciences  de  Belgique, 
16,  1849,  9.) 

C.  Marignac  :  11.986  (0  =  16). 

Determined  by  three  analyses  of  the  acetate  of  silver.  The 
salt  was  decomposed  by  heat  in  a  tube  in  such  a  way  that 
the  products  of  decomposition  were  forced  to  paes  through 
porous  silver,  and  loss  by  spirting  was  impossible.  100  parts 
of  the  salt  were  found  to  contain  a  mean  of  64.664  silver,  with 
an  extreme  difference  of  0.005  m  vacuo.  [If  Ag  ^=  107.93, 
these  figures  give  the  above  value.]  Marignac  regards  the 
analysis  as  a  confirmation  of  Dumas  and  Stas'  determina- 
tion. The  acetate  was  prepared  by  solution  of  argentic 
carbonate  in  acetic  acid  and  successive  reerystallizations. 
(Liebig's  Annul.,  59,  1846,  287;  Bibl.  Univ.,  Arch,  des 
Sciences,  J.  1846.) 

Strecker  believes  that  the  silver  in  Marignac's  determina- 
tion must  have  retained  carbon.     {Ibid.  284.) 

F.  VON  "Wrede:  12.019  (0  =  16);  75.12  (0=100). 
Von  Wrede  determined  the  specific  gravity  of  carbon  di- 
oxide, taking  into  consideration  its  variation  from  the  law 
of  Marriotte.'      He   found   it   equal  to  1.52037  ^\^_f^^^'^- 
He  also  found  the  specific  gravity  of  oxygen  1.1052  and 
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tlat  of  carbonic  oxide  0.96779.  Comparison  g;«!sC  = 
75.11  to  75.14.  (Btrzetiut;  JakrtsbmeU,  SH,  1842, 72.)  Berze- 
lius  adopted  tiiis  determination. 

According  to  Gmelin-Krant,  1,  (2,)  70,  EegnanltB  value 
for  the  specific  gravity  of  oxygen  combined  witli  von  Wrcde  s 
for  carbon  di-o Jide  gives  C  =  12.0037,  and  with  that  for  car- 
bonic oxide  C  =  12.0105. 

J.  S.  STiS :  a.OOS  (0  =  16):  7S.0I1S  (0  =  100). 
Botermined  by  passing  carbonic  oxide  ov6r  a  known 
weight  of  pnrc  cupric  oxide,  and  weighing  the  carbon  di- 
oxide formed.  Stas  got  from  eight  experiments  C  =  74.99iJ 
to  75  0.55  fThe  number  talien  is  the  mean  of  the  results, 
which  is  misprinted  in  Stas'  paper  76.039.]  The  carbonic 
oxide  was  nrepared  from  oxalic  acid  by  the  action  ot  sul- 
phuric acid'.  It  was  purified  from  carbon  di-oxide  by  pass- 
ing through  potash  tubes,  and  from  oxygen  by  passing  over 
hot  copper  filings,  and  was  kept  in  a  gasometer  over  water, 
in  which  was  dissolved  a  solution  of  stannous  oxide  m  pot- 
ash The  cupric  oxide  was  prepared  by  igniting  pure  oupric 
nitrate  The  carbonic  acid  formed  in  the  experiments  was 
caught  in  potash  and  sulphuric  acid  tubes.  The  amount  of 
carbon  di-oxide  weighed  was  from  23  to  67  gimmes  The 
weighings  are  reduced  to  vacuum.  iBulUhn  ds  t  Acad.  -Hoy. 
des  Sdenets  dt  Belgique,  16,  1849,  9.) 

GRAPHON. 

B.  C.  Baomi! :  33  (0  =  16). 
By  the  action  of  potassic  chlorate  and  nitric  acid  on  gra- 
phite, Brodie  obtained  a  compound  ot  carbon,  oxygen  and 
hvdrogeu  containing  11  atoms  of  carbon,  and  by  the  action 
of  heat  on  this  substance  two  others  containing,  respectively, 
B2  and  66  atoms.  The  first  of  these  is  analogous  to  the 
hydrated  oxide  of  silicon  obtained  by  Butt  and  Woehler, 
if  Si  =  21  From  this  fact,  and  the  specific  heat  ot  gra- 
phite, Brodie  concludes  that  the  atomic  »;e'g)i'  "f  *» 
Jraphitic  form  of  C  is  33.  (PMi.  Tram.,  llfi,  1859,  249.) 
Grabam-Otto  points  out  that  if  Si  =  28,  graphon  must  be 
44,  and  that,  in  that  case,  the  argument  from  the  specific 
heat  loses  its  applicability. 
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CERIUM. 

•J''w''il'!r?''  ^"•ft  oC  metMio  cerium,  as  determined  by 
W.  F.  Hillebp»nd,  la  0.04479,  and  the  atomic  Iieat  6.18  if  tile 
atomic  wo.ght  is  138      (Po„,ml.  Annul,  MS,  1876,  86.) 

r.,,„l'  r  II""?  *"'  r,'.'""  '"  »'"•>"  acoompanied  in 
nature  by  l^nthanram  and  didymium.  The  former  was  dis- 
covered m  1839,  and  the  latter  in  1843,  both  by  Mosander. 

W.  HisiNGER :  137.9S  (O  =  16). 

According  to  Hisinger,  as  reported  by  Berzelius,  the  lower 
oxide  of  cerium  contains  14.821  0  per  100  Ce,  giving  the 
atomic  weight  at  674.718  for  0  =  100,  if  the  lower  oxi"de  is 
regarded  as  a  protoxide.     {Pogrjend.  Annal.,  s,  1826,  186.) 

T.  Thomson  :  160  (0  =  16). 
Thomson  analysed  the  sulphate  and  obtained  for  cerium 
ho  value  626,  (0  =  100.)  [He  probably  took  barium  =  70.1 
(,S!/slan  0/  Cliem.,  7th  ed.,  1,  1831,  466.)  -' 

F.  J.  Otto  :  JS8.91  (0  =  16). 
According  to  Gmclin,  Otto  found  in  an  approximate  de. 
termination  Ce  =  678.8,  and  recorded  it  in  his  revised  trans- 
lation of  Graham's  Chemistry,  1,  1840,  222. 

A.  Beringer  :  1S8.4S  (O  =  16). 

[Three  analyses  of  cerous  chloride  with  silver  give  the 
atomic  weight  of  cerium  at  676.376,  or  92  22  if  An  = 
107.93,  and  01  =  36.467.  Inconsistent  results  arc  given  for 
an  analysis  of  the  sulphide.]  Throe  analyses  of  the  sul- 
phate m  which  the  oxide  was  determined,  gave  57  4717  per 
cent,  so-called  protoxide,  [or  Oe  =  576.31,  or  92  21  if  8  = 
32.0742.]    Analysis  of  the  formate  gave  Co  =  677  04  for 

=  '*-85-.  Tbo  material  for  the  preparations  was  cerio 
oxide  obtained  from  cerite,  and  purified  from  lanthanium 
by  digestion  with  very  dilute  nitric  acid.  The  lower  oxide 
was  assumed  to  be  Ce  0.     (Liebig's  Annul..  iS,  1842,  134.) 

E.  Hermann  ;  ISS  (0  =  16). 
The  lower  oxide  was  assumed  to  be  Oe  0.    23  623  parts  of 
anhydrous  cerous  sulphate  gave  29.160  parts  of  barium  sul- 
phate   giving   Ce  =676,   for  0  =  100,   Ba  =  866.88,   and 
e  =  201.16.     Ihe  salt  was  obtained  by  precipitating  basic 
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eulphate  from  a  sulphuric  solution  of  the  cerite  oxides,  and 
■converting  this  precipitate  into  the  neutral  salt.  [Erdmann's 
Joum.fUr  Prak,  Ckem.,  SO,  1843, 184.) 

0.  Eammelsbeeg  :  137.93  (0  =  16). 
Hermann  states  that  Eammelsberg  experimented  on 
-cerium  salts  free  from  lanthanium,  and  got  Oe  =  574.7,  the 
lower  oxide  being  supposed  to  contain  one  atom  of  oxygen. 
[I  cannot  find  the  original  paper.]  {Erdmann's  Journ.fUr 
Trak.  Chem.,30,  1843,  184.) 

G.  Marighao  :  U1.79  (0  =  16). 
The  result  of  seven  experiments  on  the  titration  of  corona 
sulphate,  prepared  from  basic  sulphate,  with  barium  chlo- 
ride. -  {Erdmann's  Journ.  Jur  Prak.  Chem.,  4S,  1849,  406; 
BibL  Univ.  Arch  des  Sciences,  8,  265.)  Marignac  subsequently 
made  experiments  which  showed  these  results  to  be  too  high 
from  the  impurity  of  the  barium  sulphate  precipitate,  (see 
note  to  Turner's  determination  of  Barium,)  and  that  the 
number  575  (for  0  =  100  and  eerous  oxide  Ce  0)  was  more 
probable.  [Annal.  de  Chimie  et  de  Phjsiqiie,  (3,)  3S,  1853, 
148.) 

T.  Kjerulb  :  174.S6. 
KjeruSf  obtained,  by  three  organic  analyses  of  cerium 
oxalate,  Ce  ^  727.33  on  the  protoxide  theory,  0  =  100.  The 
salt  ivas  prepared  by  dissolving  cerium  oxide  in  oxalic  acid. 
(Liebig's  Anna!.,  87,  1853,  12.)  Bunsen  points  out  that  this 
must  have  been  a  basic  salt.     {Ibid,  105,  1858,  50.) 

K.  BuNSES  and  J.  Jegbl  ;  138.19B  (0  =  16). 
The  lower  oxide  was  presumed  to  contain  one  atom  of 
oxygen.  In  two  experiments  eerous  sulphate  was  decom- 
posed with  ammonium  oxalate.  The  sulphuric  acid  thus 
liberated  was  determined  with  barium  sulphate ;  the  cerium 
oxalate  precipitate  was  decomposed  by  heat  with  the  forma- 
tion of  eerie  oxide,  which  was  weighed  and  the  additional 
oxygen,  introduced  by  heating,  determined  by  iodometrie 
titration.  The  salt  was  not  anhydrous ;  the  water  contents 
was  estimated  by  difference.  The  experiments  gave  respec- 
tively 57.49  and  57.46  per  cent  eerous  oxide  in  the  anhydrous 
salt,  or  Ce  =  576.3  and  575.25  if  8  =  200.  One  experiment 
was  made  on  hydrous  cerium  oxalate.  The  eerous  oxide 
was  found  as  before;  the  water  was  determined  and  the 
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oxalic  acid  was  estimated  by  difference.  This  gave  60.02 
per  cent,  eerous  oxide,  calculated  for  the  anhydrous  salt,  or 
Ce  =  575.65,  The  salts  were  prepared  from  eerite  as  fol- 
lows: the  mineral  was  digested  with  sulphuric  acid,  the 
sulphates  formed  were  leached  with  water  and  with  dilute 
nitric  acid;  this  solution  was  treated  with  hydrogen  sul- 
phide,_chlorhydrie  acid  was  added  and  cerium  oxalate  was 
precipitated.  The  oxalate  was  heated  with  magnesia  to- 
convert  the  cerium  into  the  higher  oxide,  which  was  dis- 
solved in  concentrated  nitric  acid.  After  diluting  the  solu- 
tion, chemically  pure  basic  sulphate  was  precipitated.  In 
the  preparation  of  eerous  sulphate  and  oxalate  oxidation 
was  prevented  by  the  action  of  sulphurous  acid,  (Liebig's 
Annul.,  105,  1858,  45.) 

C.  Rammelsberg:  138.S16  (0  =  16). 
One  experiment  on  the  organic  analysis  of  eeriura  oxalate 
by  heating  in  a  current  of  oxygen  behind  copper  oxide  gave 
Ce  =  575.9,  (O  =  100,}  or  92.14i,  (0  =  16,)  eerous  oxide 
being  regarded  as  Ce  0.  Eammelsberg  does  not  adopt  his 
own,  but  Hermann's  determination.  {Poqqend.  Annal.,108, 
1859,44.) 

C.  Wole:  136.99S  (0  =  16). 
Determined  from  experiments  on  the  sulphate,  prepared 
and  analyzed  as  by  Bunsen  and  Jegel.  Wolf  purified  th& 
basic  sulphate  by  solution  in  nitric  acid  and  reprccipitation 
in  hot  water,  aided  by  recrystallizations.  He  found  that 
the  oftener  these  processes  were  repeated  the  araailer  was 
the  atomic  weight  resulting  from  the  analysis.  The  purifi- 
cations were  repeated  until  the  salt  was  spectroseopically 
free  from  didymium,  and  was  perfectly  white,  (that  employed 
by  other  investigators  had  been  yellowish  or  buff.)  The 
value  taken,  45.664,  [or  |  of  136.992,]  was  the  smallest 
and  last  value  reached.  The  investigation  was  made  in 
Bunsen's  laboratory.  {SiUiman's  Am.  Journ.,  (2,)  4.6,  1868,. 
53.) 

C.  H.  Wing:  1S7.01  (O  =  16). 
Two,  experiments  were  made  on  the  decomposition  of 
hydrous  cerium  sulphate  with  oxalic  acid,  the  cerium  oxalate 
being  converted  into  eerie  oxide  by  heat.  The  amount  of 
eerous  oxide  in  the  eerie  oxide  was  calculated  according  to 
Wolfs  results,  giving  for  the  atomic  weight  of  cerium  45.64 
and  45.69,  S  bemg  32.     The  cerium  was  six  times  recon- 


.yGoogle 


CHLOBINE.  37 

verted  into  basic  sulphate,  and  repeated  reerystallizationa 
were  made.  The  salt  was  white  and  Bpectroseopieally  pure. 
The  determination  was  made  in  Gibbs'  laboratory.  {SilU- 
Tmn's  Amer.  Journ.  (2,)  49,  1870,  356.) 

D.  Mendblejeff:  138  (0  =  16). 
Mendelejeff  first  suggested  raising  the  atomic  weight  of 
■cerium  from  92  to  138.  His  reasons  were  a  specific  heat 
determination  which  he  had  made  with  very  impure  metal, 
and  the  fact  that  the  supposed  sesquioxide  had  never  been 
shown  to  exist.  He  believes  that  the  atomic  weight  will 
be  found  somewhat  below  138,  because  that  is  the  atomic 
weight  of  barium.     (Liebig's  Annal.,  suppl.,  8,  1871,  186.) 

H.  BuEHRiG';  140.648  (0  =  16). 
Determined  from  ten  analyses  of  the  hydrous  oxalate  per- 
formed by  combustion  in  a  current  of  pure  oxygen  behind 
copper  oxide.  The  water  was  collected  in  tubes  filled  with 
calcic  chloride,  and  the  carbonic  acid  in  potash.  Five  ex- 
periments in  which  the  cerium  oxide  was  not  determined 
gave  a  mean  of  94.1304,  on  the  supposition  that  corous 
oxide  contains  1  atom  of  oxygen  and  that  0  =  15.96,  with 
an  extreme  difference  of  0.0445.  Five  determinations  in 
which  the  cerium  was  determined  as  eerie  oxide  gave 
■94.2260,  with  an  extreme  difterence  of  0.0431.  Carbon  was 
taken  at  11.97.  The  mean  result  is  Ce  —  94.1782  for  the 
above  mentioned  assumptiooe,  [or  140.648  for  0  =  16,  and 
on  the  supposition  that  cerous  oxide  is  a  sesqui-conipound.] 
The  oxalate  was  prepared  from  basic  nitrate  purified  by 
Oibbs'  method  of  oxidation  with  minium  and  nitric  acid. 
The  salt  was  spectroseopically  pure.  {Erdmann's  Journ.  fur 
Frak.  Chem.,  IW,  1873,  222.) 


CHLORINE. 


The  density  of  chlorine  gas  and  the  specific  heat  of  chlo- 
rine compounds  leave  no  doubt  that  the  atomic  weight  of 
this  element  is  nearly  35.5.     {G-melin-Kraut,  L  c.) 

Maroet,  Bbrzelios,  WoLLASTOtf :  S5.^8  (0  =  16). 
Mareet,  by  experimenting  on  the  calcination  of  pure  mar- 
ble, and  on  the  saturation  of  chlorhydric  acid  with  lime. 
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found  as  the  mean  of  many  trials,  that  50.77  calcic  carbo- 
nate are  equivalent  to  56,1  calcic  chloride.  Wollaston, 
taking  the  equivalent  of  calcic  carbonate  at  630,  aiirl  that 
of  calcium  at  255,  calculates  the  equivalent  of  chlorine  at 
441  for  0  =  100.  Wollaston  cites  Berzeliua  as  having  ob- 
tained the  same  number  by  the  conversion  of  plumbic  car- 
bonate into  chloride.  (Fkil.  Trans.,  07,  1807,  301:  SOA 
1814,  20.) 

J.  J.  Berzelius:  SS4W   (0  —  16);    221.327    (0  = 
100). 

The  molecular  weight  of  potassium  chloride  was  ascer- 
tained from  four  experiments  on  the  decomposition  of 
potassium  chlorate,  which  on  beings  heated  lost  39.15  per 
cent,  oxygen.  This  gives  for  the  chloride  932.567,  (0  = 
100.)  100  parts  of  potassium  chloride  were  further  found 
equivalent  to  192,4  parts  argentic  chloride,  and  100  parts  of 
silver  to  132.75  argentic  chloride.  The  value  follows. 
Berzelius  in  his  Lehrbuch  accepts  Marignac'a  determination 
and  ascribes  the  error  of  the  value  he  had  obtained  to  the 
imperfect  decomposition  of  that  portion  of  the  chlorate 
which  was  carried  oif  as  dust  during  the  experiment.  {Poq- 
gend.  AnnaL,  8,  1826,  17 ;  also  Lehrbuch  der  Ghemic,  S,  1189, 
1191.) 

E.  Tdbnbe  :  85.42  (0  =  16). 
Turner  made  two  experiments  on  the  decomposition  of 
plumbic  chloride  with  argentic  nitrate.  Assuming  the 
atomic  weight  of  lead  at  103.6,  and  that  100  silver  =  132.8 
chloride,  these  analyses  gave  01  =  35,43  and  36.48.  Turner 
also  decomposed  corrosive  sublimate  with  calcic  oxide  iieu- 
tralized  with  nitric  acid  and  precipitated  with  argentic 
nitrate.  If  mercury  =  201,  these  analyses  give  a  maxmium 
of  35.28,  and  a  minimum  of  35.21,  of  whicn  Turner  selects 
the  largest.  From  calomel  treated  in  the  same  way,  he 
arrived  at  the  value  35.35.  From  his  experiments  on  the 
composition  of  argentic  chloride  (and  apparently  compari- 
son with  potassic  chloride  and  chlorate)  Turner  got 
35.45.  The  mean  of  the  other  expenmenta  was  35.35,  but 
Turner  considers  35.42  as  being  the  most  likely  value.  The 
plumbum  chloride  was  prepared  from  the  carbonate,  and 
was  purified  by  recrystallization,  as  was  also  the  corrosive 
sublimate.  The  calomel  was  "prepared  by  Mr.  Howard," 
and  retained  traces  of  moisture  at  300°,  which  would  make 
the  atomic  weight  derived  from  its  analysis  too  small.  The 
values  are  for  vacuum.     {Phil.  Trans.,  123,  1838,  529.) 
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F.Penny:  35.454  (0  =  16). 
Six  experiments  on  the  conversion  of  silver  into  nitrate 
gave  100  Ag  ^=  157.441  nitrate ;  extreme  difference,  0.028. 
Twelve  experiments  by  three  different  methods  on  the  eon- 
version  of  silver  into  chloride  gave  100  Ag  =  132.837  chlo- 
ride. Four  series  of  experiments  on  the  intereon version  of 
Eotassic  chloride,  chlorate  and  nitrate  gave  for  the  difference 
etween  the  molecular  weights  of  the  chloride  and  the 
nitrate  26.56.  Corresponding  experiments  with  sodium 
salts  gave  the  same  difference  26.568.  The  mean  combined 
with  the  data  for  the  silver  salts  gives  the  molecular  weight 
of  argentic  chloride  at  143.424,  and  01  ^  35.454.  For  fur- 
ther details  see  Penny's  determinations  of  potassium,  sodium, 
nitrogen  and  silver.  The  weighings  were  calculated  for 
vacuum.     {Fkil.  TVans.,  129,  1839,  32.*) 

R.  Phillips  :  35.688  (O  =  16). 
In  order  to  avoid  the  error  possibly  incurred  by  the  melt- 
ing of  argentic  chloride,  etc.,  Phillips  mixed  known  and 
nearly  equivalent  quantities  of  silver  dissolved  in  nitric  acid, 
or  of  crystallized  argentic  nitrate,  with  ammonium  chloride ; 
filtered,  washed,  and  precipitated  the  comparatively  minute 
amount  of  chlorine  in  the  Hltrate  with  silver  solution.  The 
fusion  of  this  small  quantity  could  cause  no  loss  of  import- 
ance. Phillips  confesses  that  his  ammonium  chloride  was 
acid  and  the  only  conclusions  he  draws  are  that  CI  =  36, 
N  =  14,  0  =  8  and  H  =  1  may  be  taken  without  consider- 
able error  if  silver  is  108.  [The  method  seems  to  have  been 
original  and  is  nearly  that  afterwards  adopted  by  Pelonze. 
The  acidify  of  the  ammonium  chloride  would  of  course  give 
01  too  high.]    {PM.  Tram.,  129,  1839,  35.) 

0.  Marighac  :  36.001  (0  =  16);  225.007  (0  ^  100). 
Determined  by  passing  chlorhydric  acid   gas  over  hot 
cupric  oxide  and  condensing  the  water  formed.     The  mean 
of  three  experiments  was  01  =  450.018 ;  the  extreme  differ- 
ence is  0.2  for  0  =  100.    The  gas  was  made  from  recrys- 

*  This  is  one  of  tho  moat  elegant  investigations  of  the  kind  to  be  found 
in  ohemical  literature,  though  it  scarcely  receives  a  mention  eseept  from 
Staa,  who  accords  to  it  the  praise  it  deserves.  Stas'  wonder£\i!ly  exhaustive 
researches  were  necessary  to  prove  heyond  question  that  chemistry  has  a 
mathematical  hasis,  and  that  the  atomic  weights  of  the  elements  are  incom- 
mensurate. Penny's  investigation,  taken  ia  connection  with  Stas',  shows 
that  the  highest  degree  of  accuracy  is  not  incompatible  with  the  simplest 
means  when  tbey  are  applied  with  the  care  and  acumen,  witbout  which 
exact  results  cannot,  under  any  circumstances,  be  obtained. 
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tallized  sea-salt  and  coneentratctl  sulphuric  acid  and  was 
dried  by  passing  through  nine  tubes  filled  with  sulphuric 
acid  and  pumniice  stone  and  with  calcium  chloride.  The 
water  was  collected  in  a  condenser  to  which  drying  tubes 
were  appended.     (Parts  Comptes  Mendus,  I4.,  1842,  570.) 

A.  Laurent:  35.468  (0^16);    221.672  (0  ^  100). 

Determined  by  three  analyses  of  chloronaphthalintetrach- 
loride,  which  he  found  to  contain  58.22;  58.29;  58.28;  per 
cent.  CI.  The  mean  is  58,27  from  which  the  value  follows. 
{Paris  Comptes  Bendus,  U,  1842,  456.) 

According  to  Maumene,  Laurent  confessed  that  his  salt 
was  impure,  containing  chlorose  compounds,  in  Gerhardt's 
Comptes  Pendus,  1845,  108.  {Annal.  de  Chimie  et  de  Physique, 
(3,)  18,  1846,  45.) 

C.  MARiaNAO:  35.37  (0^16);  221.07  (0  ^  100). 
One  synthesis  of  argentic  chloride  showed  that  100  silver 
equals  32.74  chlorine.  Berzelius  had  found  32.75,  which 
Marignac  adopts.  Marignac  found  by  six  experiments  on 
the  decomposition  of  potaasie  chlorate  by  heat,  that  the 
molecular  weight  of  potassic  chloride  was  932.14.  He  tested 
the  equivalence  of  potassic  and  argentic  chlorides  by  pre- 
cipitating the  former  with  argentic  nitrate,  filtering  with- 
out the  use  of  paper  through  a  funnel  with  a  capillary  neck. 
The  precipitate  was  dried  and  weighed,  then  melted  and 
reweighed,  no  loss  being  observable.  100  potassium  chlo- 
ride gave  192.33  and  192.34  argentic  chloride  in  two  ex- 
periments, or  reduced  to  vacuum,  192.26.  Hence  the  atomic 
weight  is  442.13.  The  potassic  chloride  was  prepared  by 
heating  chlorate  which  had  been  purified  by  repeated 
recrjstallizations.     {Liebig's  Annal.,  44, 1842,  23.) 

C.  Marignac:  35.4S6  (0^16);  221.6  (0  ^  100). 
In  accordance  with  Pelouze's  suggestion,  Marignac  re- 
peated his  determination  of  the  composition  of  argentic 
chloride  and  of  the  equivalence  of  potassic  and  argentic 
chlorides,  retaining  the  molecular  weight  of  potassic  chlo- 
ride mentioned  in  the  last  paragraph.  That  value  was 
obtained  from  the  mean  of  six  experiments  on  the  decom- 
position of  the  chlorate  which  gave  the  percentage  of  oxygen 
at  from  39.155  to  39.167 ;  mean  39.161.  Pelouze  had  got,  as 
the  mean  of  three  experiments,  39.157.  (Pan's  Comptes  Pendus, 
15,  1842,  959.)  Marignac  made  eleven  experiments  on  the 
equivalence  of  stiver  and  potassium  chloride  by  Pelouze's 
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a5  =  107.921 !    K  =  39.115;    01=35.456,   for   0=16.] 
(Ea-zelms'  Jahresberickt,  U,  1844,  58  ;  Bibl.  Vnio.,  4^,  1843, 
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■method,  a  known  weight  of  silver  being  dissolved  in  nitric 
acid  and  added  to  a  known  and  nearly  equivalent  amount 
of  potaasie  chloride  in  solution,  after  which  the  excess  was 
titrated  with  decimal  standard  solution.  100  parts  of  silver 
were  precipitated  by  from  69.049  to  69.067,  in  mean  by 
■69  062  chloride.  100  parts  of  chloride  were  precipitated  by 
from  192.33  to  192.37,  in  mean  by  192.348  silver.  Five 
experiments  were  made  on  the  composition  of  argentic 
chloride  by  dissolving  silver  in  nitric  acid,  with  precautions 
against  loss  by  spirting,  precipitation  with  cblorhydrie  acid, 
washinff,  drying,  melting  and  weighing  in  the  same  vessel. 
100  parts  of  silver  gave  from  132.825  to  132.844  chloride, 
mean  132.84.  Calculation  from  these  data  gives  m  vacuo 
As  =  1349.01 ;  K  =  488.94 ;  01  =  443.20 ;  for  0  =  100  [< 

(Ea- 
350. 

0.  Gerhardt  :  36  (0  =16). 
By  heating  potassie  chlorate  in  a  current  of  oxygen  Ger- 
hardt got,  when  he  took  precautions  against  loss  by  ^Pii"*- 
ing  a  mean  of  60.949  chloride,  from  which  he  deduces  36 
for 'chlorine  without  giving  further  data.  {Paris  Comptes 
Bendus  ^i,  1845, 1280.)  Marignac  shows  that  no  data  have 
ever  been  published  which,  in  connection  with  Gerbardt's 
experiments,  would  give  this  value  for  chlorine.  He  adds 
further  experiments  of  his  own  which,  without  aimmg  to 
establish  more  exactly  the  true  atomic  weight,  prove  it  less 
than  36  {Liebig's  Annul,  59,  1846,  284;  Bibl  Univ.,  Arch. 
4es  Sciences,  1,  1846.) 

E.  J.  Maumene:  S5.4^-2  (0  =  16). 

Maumen6  made  seven  analyses  of  argentic  chloride  by 
reduction  in  a  current  of  pure  hydrogen.  Five  of  these  ex- 
periments were  made  with  quantities  less  than  10  grammes, 
and  gave  a  mean  of  100  silver  =  32.736  01.  Two  experi- 
ments were  made  with  about  30  grammes  each,  and  gave  100 
silver  equal  to  32.86  and  32.853  chlorine.  Maumene  pre- 
fers the  latter,  and  deduces  from  them  for  chlorine  the  value 
443  67  or  SS.494.  taking  silver  according  to  his  own  experi- 
ments at  1350.32.  [If  silver  is  taken  at  107.93  (Stas)  the 
same  analyses  give  35.462.]  {Annal  de  Chimie  et  de  Physique. 
<3,)  18,  1846,  41.) 
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A.  Laurent;  35.5  (0=16);  221.88  (0  =  100). 

A  single  experiment  was  made  as  follows  :  pure  silver 
was  weighed  off  and  placed  in  a  matrass,  nitric  and  chlor- 
hydric  acida  were  added,  the  liquid  was  evaporated  and 
the  ehioride  melted.  An  empty  teat  was  carried  on  at  the 
same  time  to  act  as  tare.  Silver  was  taken  at  1350.  (Paris 
Comptes  MenduSy  W,  1849,  5.) 

J.  r>UMA8:  85.5  (0  =  16). 

Determined  by  chloridizing  different  weights  of  pure  silver 
by  heating  the  metal  in  a  current  of  chlorine.  Experiments 
on  10  grammes  and  20  grammes  gave  a  mean  of  35.5055, 
the  difference  being  0.013,  for  chlorine,  if  silver  is  108. 
{Annal.  de  Ckimie  et  de  Physique,  (3,)  55,  1859,  135.) 

J.  S.  Stas  :  35.457  (0  =  16). 

Stas  found  the  atomic  weight  of  chlorine  by  three  inde- 
pendent methods : 

(1.)  From  analysis  of  argentic  chlorate  and  synthesis  of 
argentic  ehioride.  A  known  weight  of  the  chlorate  was 
dissolved  in  water,  precipitated  with  sulphuric  acid  to  secure 
advantageous  division  of  the  salt,  and  reduced  while  in 
suspension  by  a  slow  stream  of  sulphurous  anhydride.  The 
chloride  was  washed,  dried,  and  weighed  in  the  flask  in  which 
it  was  produced.  The  minute  amount  of  chloride  present 
in  the  chlorate  was  collected  and  taken  into  consideration, 
and  the  wash-water  was  carefully  examined  for  silver.  Two' 
analyses  (of  about  140  and  260  grammes)  gave  for  the 
molecular  weight  of  the  chloride  143.383  aud  143.407,  mean 
143.395.  A  variety  of  syntheses  of  argentic  chloride  in  the 
wet  and  in  the  dry  way  showed  that  100  parts  silver  com- 
bined with  nearly  32.850  parts  chlorine.  Stas  assumes  that 
none  of  his  syntheses  can  possibly  have  given  too  much 
chloride  and  accepts  the  relation  stated.  These  data  eive 
C!  =  35.458.  ^ 

(2.)  From  the  mutual  relations  of  potassic  chlorate  and 
chloride  and  argentic  chloride,  combined  with  the  composi- 
tion of  the  last.  The  chlorate  was  decomposed  either  by 
gentle  heat  or  in  the  wet  way  with  chlorhydrie  acid.  100 
parts  of  chlorate  were  found  to  contain  60.846  parts  chlo- 
ride as  the  mean  of  eight  experiments;  extreme  difference, 
0.012,  which  gives  the  molecular  weight  of  potassic  chloride 
at  74.59.  The  relation  between  potassic  and  argentic  chlo- 
ride was  ascertained  by  Pelouze's  method,  (see  Marignac's 
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detenaination  above.)  Twenty  experiments  on  quantities 
of  32  grammes,  and  less,  of  silver  gave  100  parta  A^:= 
69.103  parts  KCl;  extreme  liifl'ei-ence,  0.008.  Tliese  data 
combined  with  the  eomposition  of  argentic  chloride  given 
above,  indicate  for  chlorine  35.460. 

(3.)  The  composition  of  argentic  nitrate  was  determined, 
and  the  difterence  between  the  atomic  weights  of  nitrogen 
and  chlorine.  In  two  experiments  silver  was  dissolved  in 
nitric  acid,  the  solution  evaporated  to  dryness,  and  the 
nitrate  kept  melted  until  there  was  no  turther  loss  of 
weight.  The  result  obtained  was  that  100  silver  =  157.484 
nitrate;  difterence,  0.008.  From  aeries  of  experiments  on 
the  relation  of  the  chlorides  of  potassium,  sodium,  lithium 
and  silver  to  the  nitrates,  Stas  found  the  difference  between 
a  chloride  and  a  nitrate  from  26.586  to  26.691 ;  mean  26.588. 
These  data  show  that  the  atomic  weight  of  chlorine  lies 
between  35.455  and  35.460,  and  confirm  the  mean  of  all  the 
determinations  of  Penny,  Marignac,  and  Stas,  35.457.  The 
silver  for  this  investigatiou  was  either  distilled  or  compared 
with  distilled  silver;  it  was  found  impossible  to  reduce 
the  amount  of  silica  in  the  alkaline  salts  below  0.002  of  one 
per  cent.,  it  was  therefore  determined  and  allowed  for; 
every  possible  method  of  puriiication  by  recrystallization 
and  otherwise  was  resorted  to  to  ensure  purity.  The  weigh- 
ings are  all  reduced  to  vacuum.  {Stas,  Unters.  iiber  Ch^tn. 
Proport.,  Leipzig,  1867.) 


CHROMIUM. 


The  specific  heat  of  chromium,  as  determined  from  that 
of  the  oxide  by  Kopp,  Regnault,  and  Neumann,  corresponds 
to  an  atomic  heat  of  from  5.4  to  5.98,  if  the  atomic  weight 
is  taken  at  52.4.     (Gmelin-Kraut,  I.  c.) 

J.  J.  Bekzblius  :  56.^9  (0  =  16) ;  351.819  (0  =  100). 

100  parts  of  plumbic  nitrate,  on  precipitatiou  with  potas- 

slc  chromate,  gave  98.772  parts  plumbic  ehromate.     The 

value  follows  for  Pb  =  1294.498,  and  N  =  88.518.    {Poggmd. 

Annal,  8,  1826,  22.) 

T.  Thomson  :  6/^  {0  =  16) ;  400  (0  =  100). 
3.14  grains  of  metallic  chromium,  converted  into  chromic 
acid  by  heating  with  potash  and  nitre,  gave  a  precipitate  of 
16.23  grains  plumbic   chromate.     {Phit.    Trans.,  117,  1827, 
159.) 
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E.  Pbligot:  52.^8  (0  =  16);  328  (0=100). 
_  Peli^ot  reached  this  value  by  a  careful  carbon  determina- 
tion of  chromous  acetate,  produced  by  precipitating  a  dilute 
solution  of  chromium  protochloride  with  sodium  acetate, 
C  =  75.  Peiigot  does  not  regard  the  experiment  as  defini- 
tive, the  salt  possessing  but  little  stability.  (Annal.  de 
Cfdmie  et  de  Physique,  (3,)  IS,  1844,  527.) 

N.  J.  Berlin  :  oS.di  (0  =  16) ;  328.39  (0  =  100). 
Five  experiments  were  made  on  the  decomposition  of 
argentic  chromate  with  ehlorhydric  acid  and  alcohol.  The 
silver  chloride  was  washed  in  the  flask  in  which  it  was  pre- 
cipitated, treated  with  aqua  regia,  melted  and  weighed  with- 
out removal.  The  decanted  fluid  and  the  wash-water  were 
«vaporated  to  dryness  with  excess  of  ammonia,  treated  with 
water  and  the  chromium  oxide  filtered  off,  heated  to  redness 
and  weighed.  [Nothing  is  said  of  the  recovery  of  any 
argentic_  chloride  that  might  have  been  removed  by  the 
decantation.]  The  value  taken  is  calculated  from  the  com- 
parison of  the  amounts  of  argentic  chloride  and  of  chro- 
mium oxide  obtained,  Ag  =  1349.66;  01  =  443.28.  The 
extreme  difference  is  1,  for  0  =  100.  The  argentic  chro- 
mate was  prepared  by  adding  nitrate  to  a  solution  of  potassic 
chromate.  {Erdmann's  Journ.  fur  Prak.  Ohem.,  3S,  1846, 
145.) 

V.  A.  Jacquelin  :  50.08  {0  =  16) ;  313  (0  =  100). 
By  washing  and  purifying  violet  chromium  chloride, 
Jacquelain  obtained  a  substance  which  he  took  to  be  the 
pure  chloride  and  which  was  more  soluble  than  the  un- 
puritied  salt.  He  analysed  it  by  melting  with  soda,  and 
arrived  at  the  above  number.  ILiebig's  Annal.,  6A  1847 
275  ;  Mevue  Scient,  I4,  198.) 

A.  Mobebg:  5S.563  (0  —  16);  834.769  (0  =  100). 
Moberg_  made  twelve  experiments  on  the  decomposition 
of_  chromium  salts  by  heat.  In  two  cases  the  sulphate 
dried  at  a  low  red  heat  was  decomposed  by  strong  ignition 
in  a  platinum  crucible  ;  the  results  being,  335.65  and  335.29 
for  chromium.  Ten  experiments  were  made  on  the  decom- 
position of  ammoninm-chromium-alum  which  had  been 
■dried  in  a  pulverized  state  for  a  long  time.  These  deter- 
minations gave  from  333.965  to  335.739.  The  value  taken 
is  the  mean.  The  alum  employed  was  prepared  from  pure 
material,  and  was  repeatedly  recrystallized.  S  =  200 ;  N  = 
87.5.     [Erdmann's  Journ.  fur  Prak.  Chem.,  4S,  1848,  115.) 
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J.  Lbpoet  ;  5^.97  (0  =  16). 
Determined  by  fourteen  experiments  on  the  precipitation 
of  barium  with  sulphuric  acid  from  a  nitric  acid  solution  of 
barium  chromate.  The  barium  chromate  was  prepared  by 
precipitating  potassium  chromate  with  barium  nitrate  and 
drying  the  precipitate  at  250°.  [If  these  analyses  are  cal- 
culated for  barium  =  137  and  S  =  32,  they  give  100  barium 
chromate  =  60.244  barium  oxide,  extreme  difference,  0.26, 
and  the  atomic  weight  as  above.  Lefort  seems  to  have 
taken  Ba  =  136.72.  Berlin  points  out  the  correction  which 
I  have  verified.]  (M-dinann's  Journ.  fur  Prak.  Chem.,  51, 
1850,  261 ;  Journ.  de  Pkarm.  et  de  Chim.,  18,  27.) 

E.  "WiLDENSTEiN  :  53.4B5  (0  =  16). 

Determined  by  thirty-two  experiments  on  the  precipitation 
of  barium  chloride,  desiccated  at  a  red  heat,  by  pure,  neutral 
potassic  chromate.  The  mean  of  these  analyses  gave  100 
barium  chromate  ^  81.70  barium  chloride;  extreme  differ- 
ence 0.35.  Wildenstein  calculates  334.48  without  giving 
the  assumption  for  chlorine.  [If  CI  =  35.457  ;  Ba  =  137, 
the  value  follows.]  {Erdmann's  Journ.  fur  Prak.  Chem.,  59, 
1853,  28.) 

F.  Kbssler:  52.3(0  =  16). 

Kessler  reached  this  value  by  comparing  the  oxidizing 
action  of  potassic  chromate  with  that  of  potassic  chlorate  on 
arsenious  acid.  Six  experiments  were  made  on  the  oxidiz- 
ing power  of  the  chromate  and  twelve  on  that  of  the  chlorate 
by  a  method  of  titration.  By  combining  the  maximum  of 
one  with  the  minimum  of  the  other  series,  Kesaler  finds  the 
atomic  weight  of  chromium  between  25.93  and  26.40;  in 
mean  26.15,  K  being  ^  39.12  and  01^35.45.  Confirma- 
tory experiments  were  made  on  the  oxidation  of  ferrous 
chloride  in  the  same  way.  These  gave  a  mean  of  26.1. 
{Poggend.  Annal,  113,  1861,  137  ;  95,  1855,  208.) 

M.  SiEWART  :  52.094  (0  =  16). 

Determined  from  the  amount  of  chlorine  in  sublimed 
violet  chromium  chloride,  Siewart  criticises  Kessler's  de- 
termination and  deduces  from  the  latter's  data  a  value  25.02. 
{Kopfs  Jahresberickt,  U,  1861,  240;  Halle,  Zeitsckr.  fiir  die 
Gesammt.  Naturwis.,  17,  530.) 

Kessler  points  out  that  the  number  25.02  is  a  misprint  \a 
the  Jahresberickt,  and  that  Siewart's  paper  ascribes  to  him 
the  value  26.02.     [Poggend.  Ann.,  117,  1862,  352.) 
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The  atomic  heat  of  cobalt  as  determined  by  Regnault  ia 
6.27  if  the  atomic  weight  is  asaiimed  at  58.8.  {Qmelin- 
Kraut,  I.  c.) 

E.  Eothofe:  58.98  {0  =  IS);  368.65(0  =  100). 
269.2  parts  of  cobalt  oxide  converted  into  neutral  eobalt- 
ons  chloride  and  precipitated  with  argentic  nitrate  gave 
1029.9  argentic  chloride,  according  to  Eerzelius'  report. 
(Poggend.  Annal.,  3,  1826, 185.)  Berzelius  recalculates  this 
analysis  for  CI  =  221.64  and  Ag  =  1349.66,  and  gets  the 
value  taken.     [Berzelius'  Lehrbuch,  3,  1220.) 

E.  Schneider:  60.006  (0  =  16);  375.04  (0  =  100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
bon was  determined  as  in  organic  analysis;  the  metal  by 
heating  a  known  weight  of  the  salt  first  in  a  current  of  air, 
then  in  oneofoxygen,andbyreductionof  the  oxide  in  hydro- 
gen. The  mean  of  the  four  analyses  gave  cobalt  at  30.003, 
with  an  extreme  diflerence  of  0.026  for  0  =  6,  The 
oxalate  was  prepared  by  converting  the  chemically  pure 
cobalt  of  commerce  into  roseo-cobaltic  chloride,  from  which 
the  metal  was  again  reduced,  then  dissolved  in  chlorhydric 
acid  and  carbonate  precipitated,  which  was  digested  with 
oxalic  acid.     {Poggend.  Annal,  101,  1857,  398.) 

Marignac  objects  to  this  determination  that  the  oxalate, 
being  insoluble,  may  very  likely  have  retained  portions  of 
the  carbonate  which  could  not  be  removed  by  washing. 
(Bibl.  Univ.,  Arch,  des  Sciences,  (2,)  1,  1858,  372.) 

Schneider  answers  that  he  obtained  nearly  identical  results 
from  lots  prepared  at  different  times,  and  that  he  believes 
that  he  has  convinced  himself  that  the  oxalate  contained  no 
carbonate.     {Poggend.  Annal.,  107,  1859,  610.) 

Gibbs,  reporting  Schneider's  determination,  remarks: 
"  Very  numerous  and  carefully  made  analyses  of  the  ammo- 
nium-cobalt bases,  executed  in  my  laboratory,  indicate  29.5 
as  the  true  equivalent  of  cobalt."  {SilUman's  Amer.  Journ., 
(2,)  S5,  1858,  438.) 

C.  Marignac:  about  59  (0  =  16). 

Five  experiments  were  made  on  the  decomposition  of 

cobalt  sulphate  by  heat.      This  salt  can  be  readily  dried 

without  decomposition,  and  the  acid  is  completely  driven 

off  by  heat,  but  the  resulting  protoxide  contains  a  slight 
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■excess  of  oxygen.  In  order  to  remove  this  excess  it  was 
melted  under  a  known  weight  of  an  acid  silicate  of  lead. 
The  results  for  cobalt  varied  from  29.32  to  29.38.  The  sul- 
phate was  purified  by  re  crystallization.  Marignac  also  ex- 
perimented on  the  chloride.  The  weight  of  this  salt  varies 
greatly  with  the  moisture  of  the  atmosphere  when  crystal- 
lized, and  attempts  to  desiccate  it  usually  result  in  the 
formation  of  some  insoluble  compound.  Three  analyses  of 
chloride  appearing  to  contain  one  molecule  of  water,  and 
dried  at  100°,  performed  by  titration  with  silver  solution, 
gave  cobalt  at  29.42  to  29,51.  Five  experiments  were  made 
in  the  same  way  on  chloride  either  melted  in  acurrentof 
chlorine  or  of  chlorhydric  aeid  gas,  or  calcined  with  ammo- 
nium chloride.  These  determmations  gave  from  29.36  to 
29.42.  (Bibl  Univ.,  Areh.  des  Scimees,  (2,)  1,  1858,  374,') 
[Marignac,  in  another  investigation  iu  the  same  volume, 
takes  Ag  =  108;  CI  =  35.5.] 

J.  Dumas  :  59  (0  =  16). 
Determined  by  five  experiments  on  the  titration  of  cobalt 
chloride  with  silver.  The  mean  result  for  cobalt  was  29.542 ; 
extreme  difference  0.09 ;  Ag  =  108  ;  CI  =  35.5.  The  chlo- 
ride was  prepared  by  dissolving  pure  cobalt  in  aqua  regia, 
evaporating  in  the  presence  of  excess  of  chlorhydric  acid 
and  heating  to  redness  in  a  current  of  chlorhydric  acid  gas. 
In  two  of  the  determinations  cobalt  from  a  different  lot, 
which  had  been  heated  in  a  vacuum  was  employed.  (Annal. 
de  Chimie  et  de  Physique,  (3,)  55,  1859,  148.) 

W.  J.  EussBLL  :  58.74  (O  =  16). 

Determined  by  fifteen  experiments  on  the  reduction  of 
cobalt  oxide  in  hydrogen.  The  value  is  the  mean  ;  the  ex- 
treme difference  is  0.19.  To  obtain  pure  cobalt  oxide 
Ciaudet's  salt  was  prepared,  purified  by  recr^stallization, 
etc.,  reduced  in  hydrogen,  the  metal  dissolved  in  nitric  acid 
and  the  resulting  salt  decomposed  by  heating  in  a  stream 
of  carbon  di-oxide.     {Chem.  Soc.  Journ.,  (2,)  1,  1863,  57.) 

Schneider  considers  that  no  sufficient  precautions  were 
taken  to  exclude  air  in  these  experiments,  and  that  higher 
oxides  were  formed.     {Poggend.  Annal,  ISO,  1867,  310.) 

E.  VON  SOMMARUGA  :    60  (0  =  16). 
Determined  by  seven  experiments  on  the  reduction  of 
purpureocobaltic  chloride  in  a  current  of  hydrogen.     The 
mean  of  the  experiments  is  29.965;  four  of  them  give  a 
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mean  29.996.  The  extreme  difference  is  0.093.  The  salt 
was  prepared  by  Bolution  of  the  carbonate  in  ehlorhydrie 
acid,  addition  of  ammonia  in  excess,  exposure  to  the  air, 
washing  of  the  precipitate  with  acidulated,  then  with  pure 
water  and  drying  at  110°.  A  special  examination  showed 
it  free  from  other  metals.  Sommariiga  took  01^35.5; 
N  =  14.  {Erdmann's  Joum.  fur  Prak.  Chem.,  100, 1867, 113 ;. 
Sitz.-Bericht  der  k.  k.  Akad.,  1866.) 

C.  "Winkler  :  69  (O  =  16). 
This  value  is  derived  from  the  mean  of  five  experiments 
on  the  precipitation  of  gold  from  a  solution  of  neutral 
crystallized  chloride  of  goM  and  sodium.  The  metallic 
cobalt  employed  was  prepared  by  the  reduction  of  purporeo- 
cobaltic  chloride.  The  latter  was  made  from  oxide,  and  was 
purified  by  recrystallization.  Gold  was  assumed  at  196. 
The  mean  of  the  results  was  29.496 ;  extreme  difference, 
0.071.     {Fresenius'  Zeitsckr.  fur  Ami  Chem.,  6,  1867,  22.) 

P.  Welesky:  58.98  (0  =  16). 
Determined  from  the  analysis  of  cobalti-cyanides,  per- 
formed by  drying  the  salt  at  100°,  and  heating  to  redness, 
first  in  a  current  of  oxygen  then  of  hydrogen.  Four  experi- 
ments with  phenylaramoninm-cobalti-eyanide  gave  cobalt  at 
from  29.38  to  29.59.  Two  experiments  with  ammonium- 
cobalti-eyanide  gave  from  29.46  to  29.55.  Mean,  29.48; 
extreme  difference,  0.21.  A  single  experiment  by  Winkler's 
method  gave  29.42.  {Berlin,  Bericht  der  Chem.  ffes.,;^,  1869, 
592.) 

■W.  J.  EussEL :  58.76  (0  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  the 
solution  of  cobalt  in  hydrochloric  acid.  The  value  is  the 
mean  of  2  (or  4?)  trials.  The  cobalt  employed  was  that 
reduced  by  Russel  in  his  former  experiments  on  the  same 
atomic  weight.     [Chem.  News,  SO,  1869,  20.) 

E.  H.Lee:  59.10  (0  =  16). 
Determined  by  analysis  of  cobalti-eyanide  salts.  They 
were  decomposed  in  a  crucible  by  heating  from  above.  The 
carbon  separated  was  burned  oft'  in  air  and  then  in  oxygen, 
and  the  metallic  oxide  reduced  in  hydrogen.  Six  experi- 
ments on  tbe  strychnine  salt  gave  a  mean  of  59.05.  Six 
experiments  on  the  brucine  salt  gave  59.15.     Six  experi- 


.yGoogle 


ments,  made  with  especial  care,  on  the  reduction  of  pur- 
pureo-cobaltie  chloride  by  hydrogen  gave  59.09.  (Reported 
by  Gibbs.     Berlin,  Berickt  der  Chem.  Ges.,  4,  1871,  789.) 


Regnault,  Kopp,  and  others  have  determined  the  epecific 
heat  of  copper.  It  corresponds  to  an  atomic  heat  of  about 
6  if  the  atomic  weight  is  taken  at  63.3.     {Gm elm-Kraut,  I.  e.) 

K.  Chenevix:  F.  H.  Wollaston:  ^^(0  =  16);  400 
(O  =  100.) 
Chenevix  found  20  parts  of  oxygen  equivalent  to  100  parts 
of  copper,  whence  Wollaston  de<luce3  the  atomic  weight. 
{Phil.  Trans.,  104, 1814,  21.) 

J.  J.  Berzelius  :  63.S96  (0  ^  16) ;  395.6  (0  =  100). 

Determined  by  two  experiments  on  the  reduction  of  cupric 

oxide  with  hydrogen,  which  gave  395.695  and  395.507.     The 

water  was  not  weighed.     {Poggend.  Annal.,  8, 1826, 182 ;  and 

Lekrbuek,  S,  1216!) 

Erdmann  and  Marchand  :  63.466    (0  =  16) ;   396.6 
(0  ^  100.) 

Determined  by  four  experiments  on  the  reduction  of 
large  quantities  of  cupric  oxide  in  a  current  of  hydrogen. 
The  hydrogen  was  displaced  by  air  after  the  completion  of 
the  reduction.  The  weight  of  the  oxide  and  of  the  copper 
were  reduced  to  vacuum,  but  not  that  of  the  weights  em- 
ployed. To  obtain  pure  cupric  oxide,  pure  vitrol  was  pre- 
pared and  elect rolytically  decomposed.  The  copper  thus 
obtained  was  dissolved  in  nitric  acid,  and  the  nitrate  decom- 
posed by  heat.  The  value  is  the  mean ;  the  extreme  differ- 
ence is  0.066  for  O  =  8,  or  0.112  for  0  =  16.  {Urdm..  Journ. 
fur  Pra/c.  Chem.,  31,  1844,  389.) 

Berzelius  points  out  that  these  analyses  vary  among  them- 
selves much  more  than  his  own.  He  makes  the  difference 
somewhat  greater  than  it  really  is  by  neglecting  the  reduc- 
tion to  vacuum.     {Ibid.,  37,  1846,  72.) 

Hampe  shows  that  these  analyses,  correctly  calculated, 
give  Cu  =  63.46.     [Zeitsckr.  fur  Berg  Hutten-und-Sal-  Wesen 
im  Frcus.  St.,  31,  1873,  261.) 
4 
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so  atomic  weight  determisations. 

J.Dumas:  63.5  (0  =  16). 

Dumaa  says  that  experiments  on  the  reduction  of  eupric 
oxide  and  on  the  sulphidation  of  copper  have  shown  him 
that  the  atomic  weight  of  copper  lies  between  31.5  and  32, 
near  31.75,  but  that  his  experiments  cannot  be  regarded  as 
decisive.     (Annal.  de  Ckimie  et  de  Physique,  (3,)  55, 1859, 129.) 

MiLLON  and  Commaillb  :    63.128  (0  =  16);    394.55 
(0  =.  100). 

These  (three)  experiments  were  in  most  respects  a  repeti- 
tion of  Erdmann  and  Marehand's.  The  value  is  the  mean; 
the  extreme  difference  is  0.49  for  0  =  100,  or  0.0784  for  0 
^^  16.  The  sulphate  was  prepared  free  from  iron  or  zinc 
by  dissolving  copper  in  amnuiniacal  sulphate  or  nitrate. 
The  oxide  was  obtained  by  heating  the  nitrate.  {Paris 
Comptes  Bendus,  56,  1863, 1249;  and  57, 1863,  145.) 

Freseiiius  sees  no  reason  for  preferring  this  to  Erdmann 
and  Marehand's  value.  (Fh-esenius'  Zeitschr.fur  Anal.  Chem., 
S,  1863,  474.) 

"VV.  Hampe  :  63.3296  (0  =  16). 

In  three  experiments  eupric  oxide  was  reduced  in  a  cur- 
rent of  hydrogen  with  all  possible  precautions.  The  hydro- 
gen was  displaced  by  air  before  weighing,  though  it  was 
shown  by  experiment  that  porous  copper  does  not  eondense 
hydrogen.  The  metal  was  heated  till  incipient  melting  was 
observed.  The  reduction  and  melting  were  repeated  with- 
out altering  the  weight.  Hampe  attempted  to  control  his 
results  by  reconverting  the  metal  into  oxide,  but  was  unable 
to  effect  complete  oxidation.  The  water  produced  by  the 
reduction  was  found  to  be  perfectly  pure.  The  mean  result 
was  Cu  =  31.6696,  maxirrium,  31.6729,  minimum,  31.6648. 
The  oxide  was  prepared  from  metallic  copper.  To  obtain 
pure  metallic  copper,  sulphate  free  from  bismuth  was  elec- 
trolytically  decomposed,  the  finely  divided  metal  well  washed, 
then  melted,  first  in  a  current  of  carbon  di-oxide,  afterwards 
in  hydrogen,  and  then  again  in  carbon  di-oxide.  From  the 
metal,  basic  nitrate  was  formed  and  from  this  salt,  by  heat- 
ing first  in  air  and  then  in  oxygen ,  oxide.  In  two  experi- 
ments the  atomic  weight  of  copper  was  determined  by 
decomposing  eupric  sulphate  by  electrolysis,  and  weighing 
the  metal.  The  residual  fluid  was  evaporated,  and  a  minute 
amount  of  copper,  which  had  escaped  decomposition,  was 
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recovered  and  determined  as  sulphide.  For  S  =  16-0SJ/'"f 
0=8,  these  experiments  gave  Cu  =  31.6577  and  Sl.bb. 
The  value  taken  is  the  mean  of  the  two  series.  All  weigh- 
ings were  reduced  to  vacuum.  {Zeilsehr.fur  Berg  Jiuti&i- 
und  Sal.-Wesen  im  Preus.  St.,  M,  1873,  260.) 


W.  F.  Hillehrand  found  the  specifie  heat  of  this  metal 
0.04563,  which  corresponds  to  an  atomic  heat  of  6.60  for 
an  atomic  weight  of  144.78.  {Foggend.  Annal,  158, 1876, 78.) 

C.  Makignac:  U8.8  (0  =  16);  9S0  (0  =  100). 
Determined  by  decomposing  disulphate  with  barium  chlo- 
ride Assuming  the  lower  oxide  as  a  prot-oxide,  he  calcu- 
lated the  atomic  weight  at  620.  As  Marignac  was  not 
confident  of  the  purity  of  his  salt,  and  subsequently  became 
certain  that  the  method  was  untrustworthy,  details  are 
unnecessary.     {Liebig's  Annal,  71,  1849,  313.) 

C.  Marignac:  HS.81  (0  =  16);  898.8  (0  =  100). 
Five  experiments  were  made  on  the  sulphate  by  decom- 
position with  ammonium  oxalate.  The  didymium  oxalate 
was  heated  to  redness,  and  the  resulting  oxide  weighed. 
On  the  assumption  that  the  oxide  was  protoxide,  these 
determinations  gave  a  mean  of  598.2  for  Di,  with  an  ex- 
treme difference  of  2.5.  Three  experiments  were  made  on 
the  chloride,  the  insoluble  oxychloride,  which  is  unavoida- 
ble in  drying  the  salt,  being  separated.  The  chlorine  wa,a 
determined  with  silver,  and  the  Di  as  in  the  previous  experi- 
ments. These  determinations  gave  Di  at  600.2,  with  an 
extreme  difference  of  5.2  for  01  ^  443.2  and  S  =  200.  The 
salts  were  prepared  from  cerite.  The  cenum  was  extracted 
by  treatment  at  first  with  dilute  and  afterwards  with  con- 
centrated nitric  acid.  The  sulphates  of  Di  and  La  were 
separated  by  partial  precipitation  with  oxalic  acid  and  by 
partial  reerystallization.  {Annal.  de  Ckimie  el  de  Phys.,  (3,) 
38,  1853,  148.) 

H.  Hermann  ;  I4S.U  (0  =  16) ;  890M  (0  =  100). 
In  one  experiment  sulphate  which  had  been  heated  to  a 
low  red  heat,  was  dissolved,  decomposed  with  ammonium 
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oxalate,  the  precipitate  incinerated  aud  the  oxide  weighed. 
The  result  was  Di  ^^  594.46,  oq  the  prot-oxide  hypothesis, 
for  8  =  200.  In  one  experiment  the  chloride  was  decom- 
posed with  argentic  nitrate,  oxychloride  being  filtered  off 
and  allowed  for,  and  the  argentic  chloride  weighed.  This. 
experiment  gave  Di  =  692.54  for  CI  =  443.2.  For  the  prep- 
aration of  the  salt  see  Lanthaninm.  [Erdmann's  Journ.  fur 
Prak.  Chem.,  83,  1861,  387.) 

H.  ZscHiEsCHE  :  About  144  (0  =  16). 

In  five  experiments  the  sulphate  was  exposed  to  a  white 
heat  until  the  weight  became  constant  and  the  oxide  on 
being  tested  showed  no  traces  of  sulphur.  The  results 
varied  from  Di^  46.585  to  48.08,  probably,  Zsehieeehe 
thinks,  on  account  of  the  presence  of  La.  S  =16.  Di  was 
separated  from  La  by  the  partial  precipitation  of  the  nitrates 
with  oxalic  acid,  the  first  portion  falling  being  redissolvcd, 
and  the  partiul  precipitation  repeated  twenty  timea.  (Jird- 
mann's  Jmm.fiir  Prak.  Ckem.,  107,  1869,  74. 

0.  Brk  :  14S.695  (0  =  16). 

The  sulphate  was  decomposed  with  ammonium  oxalate, 
the  oxalate  incinerated  and  the  oxide  weighed.  The  sul- 
phuric acid  was  also  precipitated  as  barium  salt,  and 
weighed.  Three  experiments  gave  a  mean  of  Di  =  95.13, 
on  the  prot-oxide  hypothesis,  with  an  extreme  difference  of 
0.78.  The  Di  salt  was  found  to  contain  yttrium  which  was 
removed  by  repeated  fractional  precipitation  with  sodium 
sulphate:  This  re-agent  precipitates  a  double  salt  of  Di  and 
sodium.  The  purification  was  continued  until  the  atomic 
weight  became  constant.  {Kopp'sjahresbericht,  1870,  319, 
Jena'sche  Zeitschr,  fiir  Med.  und  Nat.,  6,  299.) 

Casselmann  thinks  that  the  salt  may  still  have  retained 
yttrium,  and  Prcsenius  objects  to  the  barium  sulphate 
determination  on  the  well-known  grounds.  {£Vesenius' 
Zeitschr,  10,  510.) 

D.  Mendelbjepp:  138  (0  =  16). 
From  the  analogy  between  Di  and  cerium  and  other 
elements,  and  from  the  fact  that  it  forms  two  oxides,  Men- 
delejeff  believes  that  its  lower  oxide  is  a  sesqui-oxide,  and 
its  atomic  weight  138.  MendeJejeff  points  out  that  an 
error  is  to  be  apprehended  in  the  received  values  from  the 
fact  that  we  have  no  guarantee  of  the  pureness  of  Di  salts 
except   recrystallization.      {Ltebig's  Annal   Suppl.  8,   1871, 
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P.  T.  CI.BVB  :  147.01  (0  ^  16). 
Determined  by  the  conversion  of  didymium  oxide  into  sul- 
phate. The  numhei-  is  the  mean  of  six  experiments;  ex- 
treme difference  0.58.  The  Di  was  separated  from  lantha- 
nium  by  repeated  precipitations  of  basic  nitrate  from  nitric 
acid  solution,  conversion  into  formate  and  decomposition  of 
this  salt  by  heat.  {K<ypp's  Jahresbericht,  1874,  259.  Sidle- 
tin  Soc.  Ohmique,  (2,)  SI,  246.) 

W.  F.  Hillbbeakd:  144.78  (0  =  16). 
Determined  by  one  experiment  on  the  conversion  of 
metallic  Di  into  nitrate,  and  then,  by  heat,  into  oxide.  The 
impurities  were  determined.  The  metal  was  reduced  elee- 
trolytically  from  the  chloride.  (Poggend.  AnnaL,  158,  1876, 
78.) 


ERBIUM. 


The  physical  and  chemical  analogies  of  the  salts  of  this 
element  have  led  Mendelejeff  {LieMg's  Anml,  Suppl.  8, 1871, 
195,)  and  P.  T.  Cleve  {Kopp's  Jahresbericht,  1874,  260;  BuU 
ietin  Soe.  (Jhimique,  (2,)  21,  344,)  to  regard  it  as  triatomic, 
and  its  atomic  weight  as  about  170. 

M.  Delafontaine  :  IIS.04.  (0  ^  16). 
M.  Delafontaine  investigated  gadolinite  by  Moeander'a 
method,  and  obtained  besides  yttrium,  two  substances  which 
he  regarded  as  erbium  and  terbium.  From  the  sulphates, 
in  which  he  supposed  the  metals  to  exist  as  protoxides,  he 
determined  erbium  at  496  and  terbium  at  471  for  0  =  100. 
Popp  {LieMg's  Annalen,  131,  189,)  and  Bunsen  and  Bahr 
{Ibid;  1S7, 1,)  have  shown  that  Moaander's  method  gives 
only  mixtures.  Delafontaine's  terbium  is  thought  to  have 
been  chiefly  the  erbium  of  other  chemists.  {LkUg's  Annul., 
134,  1865,  108.) 

Bahr  and  Bunsen  :  168.9  {O  =  16). 
A  known  weight  of  erbium  oxide  was  treated  with  a  very 
slightly  excessive  quantity  of  sulphuric  acid;  the  solution 
evaporated  and  the  excess  of  acid  driven  off  at  as  low  a 
temperature  as  possible.  The  increase  of  weight  indicates 
112.6  for  S  —  32,     The   oxide  was  prepared  trom  gadoli- 
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nite.  The  mineral  was  decomposed  with  ehlorhydric  acid, 
and  the  earths  precipitated  with  oxalic  acid.  The  oxalates 
were  converted  into  nitrates,  the  eerium  metals  separated 
with  potassic  sulphate,  and  calcium  and  magnesium  \yitb 
ammonia.  If  the  nitratea  of  yttrium  and  erbium  are  dis- 
solved in  boiling  water,  baste  erbium  nitrate  with  some 
yttrium  crystallizes  out,  leaving  yttrium  nitrate  with  some 
erbium  in  solution.  The  process  of  partial  crystallization 
was  continued  as  long  as  the  atomic  weight  of^tbe  erbium 
salt  continued  increasing.  Bahr  and  Bunsen  believe,  how- 
ever, that  the  atomic  weight  may  be  some  hundredths  higher. 
The  salt  was  spectroscopically  free  from  didymium.  {Liebig's 
Annal,  137,  1866,  2.) 

P.  T.  Clevb  and  0.  M.  Hoegldnd  :  170.55  (0  =  16). 

Determined  from  four  syntheses  of  the  sulphate,  giving 
113,7  on  the  diatomic  hypothesis.  The  oxide  was  purified 
by  heating  the  nitrates,  etc.,  according  to  Berlin.  {Blom- 
strand  in  £erlin,Ber.  der  Chem.  Ges.,  1873,  1467;  BuU.  Soc. 
Chimiqm,  1873,  193  and  289.) 


Dumas  and  Peligot  and  others  have  determined  the  vapor- 
density  of  a  number  of  fluorine  compounds.  They  corres- 
pond to  an  atomic  weight  of  about  19.     [L.  Meyer,  I.  c.) 

H.Davy:  18.86  (0^16). 

Determined  by  the  conversion  of  Derl)yshire  spar  into  sul- 
phate. 100  parts  of  spar  gave  a  maximum  of  175.2  parts 
calcic  sulphate.  [If  S  —  32 ;  Ca  ^^  40 ;  the  value  follows.} 
{Fhil.  Trans.,  IO4.,  1814,  64.) 

J.  J.  Berzblius  :  18.85  (0  =  16). 

Determined  by  conversion  of  calcic  fluoride  into  sulphate. 
100  parts  fluoride  gave,  in  mean  of  three  experiments,  175 
parts  sulphate;  extreme  difterenee,  0.2.  [If  8=^32;  Oa 
=  40;  the  value  follows.]  {Poggend.  AnnaL,  8,  1826,  18, 
and  Lehrbuch,  3,  1196.) 


.yGoogle 


GALLIUM.  55 

P.  LOUYET  :    19    (0  ^  16). 

Determined  by  six  experiments  on  the  conversion  of  fluor- 
spar into  cakic  sulphate.  The  mean  result  waa  100  parts 
spar  equal  174.36  sulphate,  with  an  extreme  difference  of 
0.3.  Spar  from  Derbyshire  was  pulverized,  digested  with 
ehlorhydrie  acid,  and  the  foreign  matter  removed  b^  lutra- 
tion  in  water.  It  was  completely  dissolved  in  sulphuric  acid, 
the  excess  of  which  was  driven  off  by  heat  continued 
till  a  constant  weight  was  obtained.  S  =  200  ;  Oa  =  250. 
(Erdmam's  Joum.  fur  Prak.  Chem-.,  47, 1849, 104 ;  Annai  de 
Chim.  et  de  Phys.,  (3,)  S5,  1849,  291.) 

E.  Fremy. 
This  chemist  says  that  his  analyses  essentially  confirm 
Berzelius'  determination.     {Annal.  de  Chimie  et  de  Phys.,{S,) 
4.7,  1856,  27.) 

J.  Dumas  :  19  {0  =  16). 
Determined  by  the  conversion  of  fluorides  into  sulphates. 
A  single  experiment  on  the  conversion  of  calcic  fluoride 
gave  18.96  ;  two  experiments  on  sodic  fluoride,  19.06 ;  and 
two  on  potassie  fluoride,  18.99.  The  mean  is  19.01;  ex- 
treme difterence,  0.12.  Ca  =  20 ;  Na  =  23  ;  K  =  39 ;  S  = 
16.  The  alkaline  salts  were  well  crystallized  and  were  fused 
before  use.     {Anml.  de  Chim.  el  de  Fkys.,  (8,)  55,  170.) 

S.DB  Lucca:  18.96  (0  =  16). 
Determined  by  four  experiments  on  the  conversion  of  a 
pure  spar  from  GerfaJco  into  sulphate.  The  extreme  differ- 
ence was  0.15.  The  decomposition  was  very  difficult.  The 
loss  on  ignition  and  the  residue  left  on  evaporation  of  the 
acid  employed  were  taken  into  consideration.  [8  apparently 
„  16-  Ca  =  20.]     (Pans  Gompies  Eendus,  51, 1860,  299.) 


Berthelot  has  determined  the  specific  heat  of  gallium  at 
0.079  corresponding  to  an  atomic  heat  of  5.62,  if  the  atomic 
weight  is  69.9.     {Paris  Comptes  Rend.,  86,  1878,  786.) 
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L.  DE  BoiSBAHDRAN  :    69.9    (0  =  16). 

This  ebemist  "has  prepared  several  chlorides,  ^samples 
of  chloride?]  several  bromides,  ami  several  anhydrous  iodides 
of  gallium.  He  has  determined  the  atomic  weight  of  gal- 
lium, and  found  it  69.9,  (mean  of  two  experiments.) "  (Paris 
Gomptes  Rend.,  86,  1878,  756.) 


Dulong  and  Petit  and  Eegnault  have  determined  the 
specific  heat  of  gold.  It  correspoods  to  an  atomic  weight  of 
about  200.     {Gmelin-Kraut,  I  c.) 

J.  J.  Beezelius  :  1964  (0  —  16). 
Determined  by  the  amount  of  mercury  necessary  to  pre- 
cipitate a  known  weight  of  gold  from  solution  of  chloride. 
142.9  mercury  were  found  equivalent  to  93.55  gold  flf 
Hg  =  200,  this  gives  Au  =  196..397.]  (Poggend.  Anml.,8, 
1826,  178.)  J    \     y:^ 

T.  TiioMSOX  :  200  (O  =  16). 
This  value  is  derived  from  a  somewhat  inaccurate  experi- 
ment on  the  reduction  of  auric  chloride  by  ferrous  sulphate 
{Udinb:  Trans.  Hoy.  Soe.,  11,  1831,  26.) 

J.  J.  Berzelius  :  196.7S  (0  =  16). 

Determined  by  five  experiments  on  the  relative  amount 
of  gold  and  of  potaasic  chloride  in  the  residue  obtained  by 
heating  the  double  chloride  of  the  two  metals  in  an  atmos- 
phere of  hydrogen.  [Calculated  for  KCl  =  74.594,  (Staa  ) 
these  experiments  give  a  maximum  of  196.79,  minimum  of 
196.63  and  a  mean  of  196.727.  The  atomic  weight  derived 
from  the  first  experiment  is  misprinted  in  the  Lehrbuch,  as 
is  the  mean  in  the  Jahresbericht]  (Berzdius'  Jahresbericht 
S5,  1846,  41;  and  Lehrbuch,  S,  1845,  1212.)  ' 

A.  Levol  :  19S.S6  (0  =  16). 
A  known  weight  of  gold  was  converted  into  chloride,  and 
this  salt  decomposed  in   boihng  solution   by  a  current  of 
pure,  washed  sulphurous  acid.     The  sulphuric  acid  formed 
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was  precipitated  as  barium  salt,  and  the  atomic  weiglit  cal- 
culated by  comparison  of  the  gold  employed  and  the  barium 
sulphate  obtained.  1000  gold  gave  1782  sulphate.  [If  the 
atomic  weight  of  S  =  S2.0742,  and  that  of  Ba  =  137.08,  the 
above  value  follows.]  {A7iml.  de  Chimie  et  de  Phi/s.,  (3,)  §0, 
1850,  355.) 


HYDROGEN. 


The  density  of  hydrogen  as  determined  by  a  great  num- 
ber of  investigators,  especially  Regnault,  is  about  ^  of  that 
of  oxygen.  If  oxygen  is  16,  the  atomic  weight  of  hydrogen 
is  consequently  about  1, 

The  atomic  weights  of  the  elements  are  compared  either 
with  that  of  oxygen  or  with  that  of  hydrogen.  The  main 
advantage  of  assuming  hydrogen  as  unity  is  the  simplicity 
of  the  approximate  values  expressed  in  terms  of  the  atomic 
weight  of  this  element.  The  hypothesis  of  Prout  has  also 
had  much  influence  in  giving  currency  to  this  unit.  The 
advantages  of  oxygen  as  a  standard  of  comparison  consist 
in  the  fact  that  it  combines  with  all  the  elements,  except 
fluorine,  and  in  the  superior  accuracy  of  the  determination 
of  its  specific  gravity.  The  percentage  variation  between 
Eegnault's  determinations  of  the  specific  gravity  of  hydrogen 
was  thirty-six  times  as  great  as  occurred  in  his  experiments 
on  oxygen.  Unnecessary  complication  in  the  approximate 
values  of  the  atomic  weights  is  as  well  avoided  by  assuming 
oxygen  at  16  as  by  taking  hydrogen  at  1. 

These  reasons  for  the  adoption  of  the  atomic  weight  of 
oxygen  as  a  standard  of  comparison  appear  to  me  conclu- 
sive, and  accordingly  all  values  in  this  paper  have  been  re- 
duced to  O  =  16. 

F.  H.  "Wollaston:  1.06  (0  =  16);  6.64(0  =  100). 
Gay-Lussac  and  Humboldt  having  shown  that  two  vol- 
umes of  hydrogen  and  one  of  oxygen  form  water,  and  Biot 
andArago  having  determined  the  specific  gravity  of  these 
•ases,  Wollaston  calculated  the  above  atomic  weight.  (FhU. 
"  "t,  1814,  20.) 


gas 


Berzblius  and  Dulong  :  0.99S4  (0  =  16) ;  6.24  (0 
=  100). 
Determined  by  three  experiments  on  the  reduction  of 
cupric  oxide  by  hydrogen.     The  hydrogen  was  made  from 
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pure  materials,  and  passed  through  a  solution  of  litharge 
in  potash,  and  over  a  coarse  powder  of  caustic  potash 
before  use.  The  resultant  water  was  caught  in  calcic  chlo- 
ride and  weighed.  The  determination  was  also  confirmed 
by  experiments  on  the  specific  gravity  of  oxygen  and 
hydrogen.  The  miuimitm  result  for  hydrogen  was  0.9934^ 
the  maximum  1.0086.  {Thomson's  Annals  y"  Phil.,  S,  1821, 
48.) 

T.  Thomson  :  /  (0  =  16) ;  6.25  (0  =100). 
Thomson  found  the  Sp.  Gr.  of  H  =  0.0694.  Taldng  that 
of  O  as  1.1111  on  theoretical  grounds  {the  supposed  com- 
pound nature  of  air,  etc.,)  he  calculates  the  above  value. 
{M-dmann's  Journ.  fur  Prak.  Chem.,  8,  1836,  374  ;  Records 
of  Gen.  Scl,  H.  D.  Thomson,  1836, 179.) 

J.  BuMAS  :  I.OOIS  {0  =  16) ;  6.2575  (0  =  100). 
Beterniined  by  nineteen  experiments  on  the  reduction  of 
cupric  oxide  with  pure  hydrogen.  The  gaa  was  made  from 
pure  materials  and  was  passed  through  solutions  of  plumbic 
nitrate  and  argentic  sulphate,  and  over  potash,  and  dried 
with  cold  sulphurie  acid  or  with  phosphoric  acid.  The 
weighings  of  the  oxide  and  of  the  reduced  copper  were 
made  in  vacuo.  [T)uma8  corrected  the  results  obtained  for 
the  air  contained  in  the  sulphuric  acid,  but  does  not  ex- 
plain how  he  estimated  it,  while  certain  other  possible  cor- 
rections are  not  mentioned.]  The  mean  of  the  corrected 
results  is  12.515.  The  extreme  difl'erence  is  0.09  for  O  =; 
100.  Without  the  correction  for  absorbed  air  the  mean  is 
12.533,  [or  1.00264];  maximum  12.583;  minimum  12.481. 
{Paris  Comptes  Bend.,  U,  1842,  537.) 

Erdmann  and  Marchand  :  1.0016  (0^16);  6.26 
(0  =  100). 
Determined  by  eight  experiments  on  the  reduction  of 
cupric  oxide  with  hydrogen,  the  number  is  the  mean  of  the 
results.  In  four  of  the  experiments  the  correction  for 
vacuum  was  calculated.  These  gave  H  =  12.548 ;  extreme 
difference,  0.067.  In  four  experiments  the  weighings  were 
made  in  vacuo.  These  gave  a  mean  of  12.492,  with  an  ex- 
treme difference  of  0.015.  The  oxide  employed  was  either 
copper  scale  or  was  produced  from  cupric  nitrate.  The 
hydrogen  was  made  from  pure  zinc  and  sulphuric  acid,  and 
was  purified  with  potash  in  solution  and  in  lumps,  mercuric 
chloride,  sulphurie  aeid,  and  chloride  of  calcium.     In  the 
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last  five  experimeuts  the  gas  was  also  passed  over  red-hot 
copper  to  remove  traces  of  oxygen.)  {Erdmann's  Journ, 
fur  Prak.  Chem.,  S6,  1842,  461.) 

J.  S.  Stas  :  1.0025  (0  =  16). 
From  all  the  investigations  that  have  been  made  on  the 
specific  gravity  of  the  gaees,  the  composition  of  water,  etc., 
Stas  is  inelineu  to  believe  that  the  atomic  weight  of  hydrogen 
cannot  be  less  than  ahove.  Stas  found  that  100  silver  were 
equivalent  to  49.5973  ammonium  chloride.  [If  N  =  14.044, 
and  CI  =  3-5.457,  this  relation  wonld  give  H  ^  1.0074.] 
{Stas,  Untermch.  Uber.  Cliem.  Prop.,  Leipzig,  1867.) 

J.  Thomsen  :  1.00^5  (0  =  16). 
Thomsen  made  three  experiments  on  the  oxidation  of  a 
known  volume  of  hydrogen  by  cupric  oxide,  and  five  ex- 
periments on  the  combustion  of  a  known  volume  of  hydro- 
gen in  oxygen,  which  proved  that  2  litres  of  hydrogen  gave 
1.6082  grammes  of  water  under  normal  conditions,  and  at 
latitude  45°.  According  to  Regnault,  1  litre  of  oxygen  and 
2  litres  of  hydrogen  would  weigh  1.6084  grammes.  Hence 
1  volume  oxygen  and  2  volumes  hydrogen  form  water ;  and 
if  H  ^  1,  0  =  15.90,  [or  if  0  =  16,  H  =  1.0025.]  (Berlin, 
Ber.  cler  Chem.  Ges.,  S,  1870,  928.) 


Buneen  found  the  specific  heat  of  In  0.565  and  0.574, 
which  correspond  to  an  atomic  weight  of  about  114.  {Pog- 
gend.  Amal,  Ul,  28.) 

F.  Reich  and  T.  Eichter:  111.39  (0  =  16). 
In  one  experiment  pure  indium  was  dissolved  in  nitric 
acid,  the  oxide  precipitated  with  ammonia  and  weighed. 
This  experiment  gave  In  =  463.4  for  0  =  100,  and  on  the 
supposition  that  the  metal  was  di-atomic.  In  a  second  ex- 
periment indium  sulphide  was  dissolved  in  nitric  acid,  and 
the  resulting  sulphuric  acid  precipitated  with  barium  chlo- 
ride. This  gave  In  =  464.9.  The  number  taken  is  the  mean. 
S  =  200.  The  metal  was  prepared  from  the  oxide.  After 
the  removal  of  lead,  etc.,  with  hydrogen  sulphide,  the  oxides 
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of  iron  and  indium  were  precipitated  with  ammonia,  the 
precipitate  diBsolved  in  acetic  acid  and  impure  indium  sul- 
phide reprecipitated.  This  operation  was  repeated,  and  tli« 
last  traces  of  iron  were  removed  by  partial  precipitation 
with  ammonia.  (Erdmann's  Journ.  fur  Prak.  Chan.,  93 
1864,  484.)  '      ' 

C.  "Winkler:  107.754  (0  =  16). 
Determined  by  decomposing  the  nitrate  by  heat,  and 
weighing  the  resulting  oxide.  The  mean  result  of  three 
experiments  was  In  ^35.918  for  0  =  8,  and  assuming 
the  univalence  of  the  metal.  Extreme  difference,  0.079. 
Metallic  indium  was  prepared  by  solution  of  the  impure 
sulphide  in  chlorhjdric  acid,  precipitation  of  indium  by 
barium  carbonate,  solution  in  sulphuric  acid,  and  precipita- 
tion by  ammonia  of  the  oxide  which  was  reduced  by 
hydrogen.  [This  indium  seems  to  have  contained  iron.] 
(JBrdmann's  Journ.  filr  Prak.  Chem.,  94.,  1865,  1.) 

0.  Winkler:  ns.4S9  (0  =  16). 
In  two  experiments  the  double  chloride  of  gold  and  so- 
dium was  decomposed  by  pure  indium,  giving  37.73  and 
37.80  for  0  =  8,  and  assuming  univalence  for  the  metal. 
In  two  experiments  the  nitrate  was  decomposed  by  heat 
giving  In  =  37.845  and  37.879.  In  one  experiment  the 
oxide  was  precipitated  from  nitric  acid  solution  by  ammonia. 
This  experiment  gave  In  ^  37.811.  The  number  taken  is 
the  mean.  The  impure  indium  sulphide  ivaa  purified  as  in 
"Winkler's  former  determination  with  barium  carbonate,  but 
this  process  requires  to  be  repeated  several  times.  The  re- 
duction of  the  oxide  was  performed  with  sodium,  the  excess 
of  which  was  removed  from  the  regulus  by  cupellation  in 
soda.     {Erdmann's  Journ.  fur  Prak.   CAem.,  ^0^,  1867,  282.) 

E.  BuHSEN:  113.76  (0  =  16). 
Determined  by  converting  metallic  indium  into  oxide  by 
means  of  nitric  acid  and  heat.  He  seems  to  regard  the  ex- 
periment only  as  confirmatory  of  Winkler's.  The  metal 
was  _  the  same  which  served  for  the  determination  of  the 
specific  heat,  and  was  carefully  tested  for  all  impurities. 
(Poggend.  Annul,  I4I,  1870,  28.) 
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Dumaa  determined  the  specific  gravity  of  iodine  vapor. 
It  answers  to  an  atomic  weight  of  about  127.  {AnnaL  de 
Ckim.  et  de  Pkys.,  S3,  1826,  337.) 

L.  J".  Gay-Lussac  :  1S3.9  (0  =  16). 
100  parts  of  iodine  were  found  eqaivalent  to  26.225  parta 
of  zinc.     [If  Zn  ^=  65,  these  lignres  give  the  atomic  weight 
at   123.9.]      {Poggend.    Annal,   I4.,   1828,   659;    Annal.   de 
Chimie,  91,  1814,  5.) 

"W".  Prout:  XSS  (0  =  16). 
Prout  found  100  parts  of  iodine  equivalent  to  25.8  parts 
of  zinc.     [If  Zn  =  65,  this  gives  I  ^  125.97.]     {Thomson's 
Annals  of  Phil.,  6,  1815,  323.) 

T.  Thomsoh  :  m^  (0  =  16);  775  (0  =  100). 
Thomson  found  20.5  potassic  iodide  ^=  19.75  zinc  iodide, 
=  20.75  plumbic  nitrate.  [If  K  ;=  39.1,  and  plumbic  nitrate 
=;  331,  the  relation  given  leads  to  an  afcomicweight  of  124.41,] 
Thomson  thinks  that  his  iodine  may  have  been  somewhat 
impure,  as  he  purified  it  only  by  sublimation.  {Thomson's 
System  of  Ckem.,  7th  ed.,  1,  1831,  81.) 

J.  Dumas  :  JS6.13  (0  =  16). 
Dumas  determined  the  density  of  iodine  vapor  at  8.716 
for  air  =  1.  [Referred  to  the  molecular  weight  of  oxygen, 
this  density  gives  the  above  number  for  the  atomic  weight.] 
Dumas  thinks  it  probable  that  it  can  be  more  accurately 
determined  by  analysis.  [Annal.  de  Chim.  et  de  Phys.,  S3, 
1826,  337.) 

J.  J.  Berzelius  :  1S6.S6  (0  =  16) ;  789.14  (0  =  100). 
Determined  by  decomposing  a  known  weight  of  argentic 
iodide  in  a  current  of  chlorine,  melting  the  chloride  and 
expelling  free  chlorine  by  atmospheric  air.  The  number  is 
the  mean  of  two  experiments;  difference,  0.01.  Ag  = 
1351.607;  01=442.653-  The  iodide  was  prepared  by  pre- 
cipitation from  a  solution  of  potassic  iodide  with  argentic 
nitrate.  The  first  portion  of  the  precipitate  was  set  aside 
as  possibly  contaminated  with  chlorine.  [Poggend.  Ann., 
U,  1828,  562.) 
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0.  Marignac  :  126.844  (0  =  16). 
_  In  five  experiments  a  known  weight  of  silver  was  dissolved 
m  nitric  acid  and  precipitated  bj  a  known  amount  of  polas- 
sie  iodide  according  to  Peloaze'B  modification  of  Gav-Luesac's 
method.  The  mean  result  was  100  Ag  =  163.74  KI  in  air  ■ 
extreme  difixjronce,  0.14.  Stas  has  recaloalatod  this  result 
for  Ag  =  107.93,  and  K  =  39.137.  The  atomic  weight  so 
found  IB,  m  mcuo,  126.847.  In  three  experiments  a  known 
weight  of  Sliver  was  dissolved  and  precipitated  as  iodide  ■ 
mean  result,  100  Ag  =  217.511  iodide.  Butreme  diflerence! 
0.04.  Prom  these  data  Stas  gets  I  =  126.84.  The  iodiue 
was  purified  by  recrystallization  as  potassic  iodate.  The 
methods  employed  by  previous  experimenters  were  ineffec- 
^;T-(P^;f<"'',J'<'l'"il"ric-U,U,7i;  BiU.  Vmv.  dt  Ginhe, 
4b,  1842,  367;  also,  Stas,  Untersuch.  Uber  Chem.  Frop.,  153.) 

B.  Miilon:  im.07  (0  =  16);  787.915  (0  =  100). 

Three  experiments  were  made  on  the  decomposition  of 
potassic  iodate.  The  mean  loss  of  oxygen  was  22  473  net 
??2n'o'?"'T'"°,'''''"'»"'"''  "-^^^  ^f  K  =  488.94, thisgive8l  = 
t  -,  ■  J  ,  ,""  ""Perimonls  argentic  iodate,  which  had 
,l'i!',„;""^  '"'■ "  '°°S  time  at  200°,  was  employed,  which  lost 

,SI  P"  °°°*-  "^SS'-a;  extreme  difference,  0.03.  If  Ag 
=  1349.01,  these  data  give  1=1570.73.  [Berzelius  citol 
this  as  an  atomic  weight  determination;  Miilon  however 
seems  to  have  regarded  it  only  as  a  confirmation  of  Ber- 
zelius number.]  Miilon  prepared  pure  iodine  by  passing  a 
current  of  chlorine  through  a  solution  of  KI  till  the  precipi- 
tated I  was  redissolved,  and  reprecipitating  with  an  excess 
ot  KI.     (Anml.  de  Chm.  et  ds  Phys.,  (3,)  9,  1843,  407.) 

V.  A.  jAoanELiK :  126.6  (0  =  16) ;  785  (0  =  100). 
Determined  by  the  analysis  of  iodic  acid  with  silver 
Iho  acid  was  prepared  by  the  oxidation  of  iodine  with 
nitnc  acid  of  ,p.  gr.  1.5.  The  purity  of  the  preparation 
does  noi,  seem  to  have  been  tested.  Ag  =  1351  (Erd 
mmnsJourn.furPrak.  C*m.,«,  1850,458;  Am<,ldcCMm 
ei  &  P%s.,  (3,)  50,  1850,  332.) 

J.  Dumas  ;  127  (0  =  16), 

Determined  by  the  conversion   of  argentic  iodide   into 

chloride  in   a  current  of  dry  chlorine.     Two   experiments 

gave  127.04  and  127.01  for  Ag  =  108;  CI  =  35.5.  ^„  Gme! 

iin-Krant  s  Hundbuch  these  data  are  recalculated  for  Ag  = 
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107.93  and  CI  =  35.457,  giving  I  =  126.941  and  126.928. 
The  argentio  iodide  used  was  prepared  from  zinc  iodide 
■which  had  been  prepared  from  iodine  in  large  crystals. 
The  argentic  iodide  was  fused.  {Annal  de  Chim.  ct  de 
PAj/s.,(3,)55,  1859,  163.) 

J.  S.  Stas:  126.851. 

Stas  ascertained  the  molecular  weight  of  argentic  iodide 
as  follows : 

In  two  complete  analyses,  a  known  weight  of  argentic 
iodate  was  decomposed  by  heat  in  a  current  of  pure,  dry 
nitrogen.  The  oxygen  set  free  was  caught  by  hot  copper 
and  weighed,  as  well  as  the  residual  argentic  iodide.  In 
one  experiment  argentic  iodate  was  dissolved  in  ammonia, 
precipitated  by  sulphuric  acid,  (to  secure  advantageous  divi- 
sion of  the  salt,)  and  reduced  while  in  suspension  by  a  slow 
current  of  sulphurous  acid.  The  mean  molecular  weight 
reached  was  234.779 ;  extreme  difference,  0.063.  The  sam- 
ples of  iodate  employed  were  prepared  :  (1.)  From  argentic 
sulphate  and  potassic  iodate,  mixed  boiling,  the  latter  in 
excess,  thorough  washing  and  drying  in  air  freed  from 
organic  particles ;  (2.)  By  the  reaction  of  potassic  iodate  on 
argentic  hyposulphite.  The  purity  of  the  salt  was  carefully 
tested,  .     .    ,., 

Stas  ascertained  the  composition  of  argentic  iodide  as 
follows : 

(1.)  A  known  weight  of  argentic  nitrate  was  precipitated 
by  hydro-iodic  acid  and  the  argentic  iodide  washed,  dried, 
and  weighed  in  the  same  vessel.  (2.)  A  known  weight  of 
Ag  was  dissolved  in  nitric  acid,  converted  into  sulphate, 
dissolved  in  very  dilute  sulphuric  acid,  and  precipitated  with 
hydro-iodic  acid.  The  precipitate  was  washed  at  tempera- 
tures increasing  up  to  90°.  (3.)  A  known  weight  of  argen- 
tic sulphate  was  allowed  to  react  on  a  known  and  nearly 
equivalent  weight  of  iodine  in  an  aqueous  solution  of  sul- 
phurous and  Sulphuric  acids  at  10°,  and  in  the  dark,till  all 
the  iodine  was  taken  up.  The  excess  of  iodine  was  titrated 
with  silver  solution,  and  the  iodide  weighed.  This  method 
was  employed  in  two  experiments.  (4)  differed  from_  (3) 
mainly  in  the  conversion  of  the  iodine  into  ammonium 
iodide  before  bringing  it  into  contact  with  argentic-  sul- 
phate.    Four  experiments  were  made  by  the  last  method. 

The  mean  composition  of  the  iodide,  as  derived  from  all 
the  experiments,  is  100  Ag  =  117.5343  iodine.  From  these 
data  Stas  calculates  the  atomic  weight  of  I  at  126.857,  and 
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that  of  silver  at  107.928.  [The  sum  of  these  weights  is  not 
the  molecular  weight,  and  this,  as  well  as  recalculation  of 
the  data,  shows  that  the  number  is  a  misprint  for  126.851. 
Stas'  results  are,  therefore,  even  closer  to  Marignac's  than 
his  memoir  would  indicate.^ 

Most  of  the  experiments  were  made  with  iodine  prepared 
by  the  decomposition  of  nitric  iodide  decomposed  in  a  large 
volume  of  water  at  65".  The  iodine  was  further  purified 
by  distillation  over  barium  oxide  and  by  other  means.  For 
the  preparation  of  silver  see  that  metal.  Ali  possible  pre- 
cautions were  observed  in  the  preparation  of  all  reagents 
and  in  the  conduct  of  the  experiments.  (Stas,  Unlersuck. 
iiber  Chem.  Prop.  Leipzig,  1867.) 


IRIDIUM. 


Eegnault  determined  the  specific  heat  of  iridium.     It  cor- 
responds to  an  atomic  weight  of  about  198.    (Ghnelin-Kraut, 

1.0.) 

J.  J.  Beszelius  :  197.J9  (0  =  16). 
Berzelius  determined  this  value  from  analysis  of  potas- 
sium chloro-iridiate.  This  salt  reduced  in  hydrogen  lost  29 
per  cent.,  the  same  quantity  lost  by  the  corresponding  pla- 
tinum salt,  (vide  platinum.)  Berzelius  originally  calculated 
the  atomic  weight  of  the  platinum  metals  both  from  the 
loss  of  chlorine  of  these  double  salts  and  from  the  relation 
between  the  metal  and  the  potassic  chloride  left  after  reduc- 
tion. In  his  Lehrbuch  he  points  out  the  impossibility  of 
complete  desiccation,  and  resorts  exclusively  to  the  latter 
method  of  calculation.  With  respect  to  iridium  ho  merely 
asserts  that  its  atomic  weight  is  the  same  as  that  of  plati- 
num, without  there,  or  elsewhere,  giving  data  as  to  the 
amounts  of  iridium  and  potassic  chloride  found  in  the 
reduced  salt.  It  is,  therefore,  open  to  question  whether  ho 
assumed  the  identity  from  the  loss  on  reduction  or  not,  [It 
Pt  =  Ir,  and  if  KCl  ^  74.594,  the  value  follows ;  see  plati- 
num.] Osmium  and  iridium  were  separated  by  fusion  with 
nitre,  solution,  and  distillation.  The  residue  was  fused  with 
potassic  chloride  and  sodium  carbonate.  On  solution  the 
iridium  remains  behind.  This  residue  was  repeatedly  roasted 
and  reduced  to  drive  off  osmium  compounds.  The  potas- 
sium chloro-iridiate  was  formed  from  the  pure  metal.  {Pog- 
gend.  Ann.,  13,  1828,  468;  Kongl  Vet  Acad.  Handl,  1828.) 
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C.  E.  Glaus  :  W.  M.  "Watts  :  197.6  (0  =  16). 
Watts  recalculated  two  analyses  of  potassium  chloro- 
iridiate  by  Claua  from  the  loss  in  reduction,  and  for  CI  = 
35.457,  (Stas.)  From  one  analysis  he  finds  K  —  39.87,  and 
It  =  198.56;  from  the  other  K  =  39.93,  and  Ir=  196.62. 
{Chem.  News,  19,  1869,  302.) 


Regnault,  Kopp  and  others  have  determined  the  specific 
heat  of  this  metal.  It  corresponds  to  an  atomic  weight  of 
about  56.     {Gmelin-Kraut,  I.  c.) 

L.J.  Thenard:  F.  H.  WotLASTON:  55S  (0  =  16); 
345  (0  =  100). 
Thenard  determined  the  composition  of  the  oxide  at  22.5 
O  and   77.5  Fo,  whence  Woliaston   calculates   the  value. 
{PhU.  Trans.,  104,  1814,  21.) 

J.  J.  Berzblius  :  54^S7  {0  =  16) ;  339.213  {0  = 
100). 
Determined  by  repeated  experiments  on  tbe  oxidation  of 
iron,  such  as  is  used  tor  piano  wire,  with  nitric  acid.  The 
carbon  was  determined  and  allowed  for.  Berzelius  in  bis 
Lekrbuck  shows  that  the  error  in  this  determination  lay  in 
the  unsuspected  presence  of  soluble  silica  and  on  reanalysie 
he  found  enough  of  it  to  correct  the  number  when  taken 
into  account.     (Pogaend.  Ann.,  8,  1826,  185.) 


G.  Magnus:  SISB  (0  =  16) ;  339.06  (0  =  100). 
Magnus'  experiments  were  made  by  reducing  feri-ic  oxide 
in  a  current  of  hydrogen  at  about  the  temperature  of  boil- 
ing mercury.     He  regarded  them  simply  as  eomfirmatory 
of  Berzelius'  number.     {Poggend.  Ann.,  S,  1825,  84.) 

P.  Stromeyer  :  66.6  {0  =  16). 
Determined  by  reducing  ferric  oxide  at  a  red  heat  by 
hydrogen.  The  oxide  is  reduced  only  with  great  difQculty 
at  a  lower  temperature.  The  mean  of  the  experiments 
gave  the  oxygen  contents  at  30.15  per  cent.,  [whence  I  have 
calculated  the  value.]     {Foggend.  Ann.,  6,  1826,  475.) 
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H.  Capixainb:  51.36  (0  =  16);  321  (0  =  100). 

Deteriniiied  by  the  peroxidation  of  galvaiiically  reduced 

iron  and  by  measuring  the  hydrogen  evolved  on  the  solution 

of  iron  in  sulphuric  acid.     (AnnaL  de  Chim.  et  de  Fkys.,  (3,) 

S,  1841,  126.) 

H.  Wackenrodee  :  55.48  (0  =  16). 
Wackenroder  helped  Stromeyerin  his  reduction  of  ferric 
oxide,  of  which  ho  gives  the  details.  He  also  describes  five 
experiments  of  his  own,  which  gave  the  oxygen  contents  of 
ferric  oxide  at  from  30.01  to  30.38.  He  took  no  precautions 
to  purify  his  hydrogen  and  thiniis  that  the  loss  of  oxygen 
may  have  been  apparently  reduced.  [30,195  oxygen  cor- 
responds to  the  above  value  for  Fe.]  {Berzelias'  Jahresbe- 
richt,  S4,  1844,  121 ;  Archio.  der  Pkarm.,  36,  1844,  22.) 

SvANBERQ  AND  NoKLiN :  55.97  (0  =  16):  349.805 
(0  =  100). 
In  seven  experiments  a  known  weight  of  iron  was  dis- 
solved in  nitric  acid  and  the  salt  decomposed  by  heat.  The 
operation  was  performed  in  a  glass  flaek.  The  mean  re- 
sult in  vacuo,  was  349.104;  extreme  difference,  0.803.  In 
seven  experiments  ferric  oxide  was  reduced  with  purified 
hydrogen.  The  mean  was  Pe  =  350.514;  extreme  differ- 
ence, 0.735.  The  number  taken  is  the  mean  of  all  the  ex- 
periments, in  vacuo.  Berzelius  in  his  Lehrbueh  cites  the 
experiments  and,  by  neglecting  the  reduction  to  vacuum, 
^ets  a  slightly  different  number.  He  also  expresses  a  pre- 
ference for  the  experiments  by  reduction.  {Berzelias'  Jah- 
resbericht,  ^4,  1844,  121 ;  and  Poggend.  Ann.,  6^,  1844,  270.) 

J.  J.  Beezelius  :  66.05  (0  =  16);  350.32  (0  =  100). 
Berzelius,  as  a  check  on  the  last  determination,  made  two 
experiments  on  the  oxidation  of  iron  by  nitric  acid  with 
special  precautions  against  partial  reduction.  The  number 
is  the  mean ;  difference,  0.101.  The  iron  was  melted  down 
with  glass  and  magnetic  oxide.  In  his  Lehrback  he  adopts 
the  mean  of  these  experiments  and  Svanberg  and  Norlin's 
reduction  determinations.     {Poggend.  Ann.,  62,  1844,  270.) 

Erdmahn  and  Mabchand:  56.016  (0  =  16);    350.1 
(0  =  100). 
Erdmann  and  Marchand  made  eight  experiments  on  the 
reduction  of  ferric  oxide  in  a  carefully  purified  current  of 
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hydrogen.  The  weighings  of  the  metal  were  made  in 
vacuo  to  avoid  possible  reoxidation  in  displacing  the  gaa  by 
air  The  number  is  the  mean  of  the  experiments ;  extreme 
difference,  1.4  for  0  =  100.  The  ferric  oxide  was  prepared 
by  incineration  of  the  oxalate,  moistening  the  residue  with 
nitric  acid  and  reheating.  {Evdmann's  Journ.  fur  Prak. 
Chem.,  S3,  1844, 1.) 

L.  E.  RiTOT :  54.^5  (0  =  16) ;  339.01  {0  =  100). 
Determined  by  two  experiments  on  the  reduction  of  pure 
ferric  oxide  in  a  current  of  hydrogen.     100  parts  of  oxide 
gave  69  31  and  69.35  parts  metallic  iron.     {Annal.  de  Chm. 
li  de  Phys.,  (3,)  SO,  1850,  188.) 

E.  Maumbne:  56.0016  (0  =  16);  350.01  (0  =  100). 
Maumen6  made  six  experiments  by  dissolving  iron  wire 
in  aqua  regia,  precipitating  with  ammonia,  heating  the  pre- 
cipitate to  redness  and  weighing.  The  number  is  the  mean ; 
extreme  difference,  0.34.  Maumen^  had  convinced  himself 
by  analysis  of  the  extreme  purity  of  the  wire.  {Erdmann's 
Journ.fur  Prak.  Ckem.,  51,  1850,  350.) 

J.Dumas:  56.2  (0  =  16). 
Two  experiments  on  the  precipitation  of  ferric  chloride  by 
argentic  nitrate  gave  each  28.1.  A  single  experiment  by 
the  same  method  on  ferrous  chloride  which  was  shgbtly 
yellow  gave  28.1.  An  experiment  made  on  ferrous  chlo- 
ride, which  had  been  heated  in  a  current  of  hydrogen  and 
of  HCl  and  was  colorless,  but  contained  metalhc  iron,  gave 
when  the  admixture  was  determined,  27.99.  Dumas  takes 
Ag  =  108  ;  01  =  35.5.  [Annal  de  Chim.  ei  de  Phys.,  (3,)  55, 
1859,  157.) 


LANTIIANITJM. 

W.  F.  Hillebrand  has  determined  the  specific  heat  of 
metallic  lanthanium.  It  corresponds  to  an  atomic  heat  of 
6.23,  if  the  atomic  weight  is  taken  at  139.  {Poggend.  Ann., 
i5S,  1876,  82.)  ,       .,       ,      . 

Several  investigations  on  the  atomic  weight  of  lanthanium 
were  made  previous  to  Mosander's  announcement  of  the 
discovery  of  didymium.  F.  J.  Otto  found  it  108.U  shortly 
after  its  discovery,  and  announced  it  in  his  translation  of 
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Graham's  chemiBtry.  {Gmelin's  Ilandbuch,  5th  e6.,l,4G.) 
Ohoubine,  from  analysis  of  the  chloride  and  of  the  sulphate, 
arrived  at  108.45.  (Erdmann's  Journ.  fiir  Prak.  Chem.,  S6, 
1842,  443.)  Kammelsberg  determined  it  from  the  sulphate, 
which  was  rose-colored,  at  13S.17.  {Poggend.  Ann.,  S5, 1842, 
65.)  S.  Hermann  found  La  ;=  1^  from  rose-colored  sul- 
phate.     {Erdmann's  Journ.  fiir  Prak.  Chem.,  SO,  1843,  198.) 

C.  G.  Mosander:  JS9.S  (0  =  16);  8T0  (0  =  100). 

Mosander  says  that  his  experiments  show  the  true  value 
to  be  in  the  neighborhood  of  680,  (the  metal  being  assumed 
bivalent,)  but  that  his  salts  were  not  pure,  and  the  determi- 
nation of  little  value.     (Poggend.  Ann.,  60,  1843,  301.) 

C.  Marignac  :  ULIS  (0  =  16);  88£  (0  ^  100). 

Eleven  experiments  were  made  on  the  decomposition  of 
the  sulphate  by  barium  chloride.  The  results  vary  greatly. 
Marignae  wrote  later  (Annal.  de  Chim  et  de  Phys.,  (3,)  SS, 
1853,  148)  that  experiment  had  convinced  him  of  the  incor- 
rectness of  this  determination,  and  that  the  true  value  is 
about  575.     (La  bivalent.)    [Liehig's  Ann.,  71,  1849,  306.) 

M.  HoLZMANN:  ISQ.m  (0  =  16);  870.15  (0  =  100). 

In  three  experiments  La  sulphate  was  decomposed  by 
ammonium  oxalate.  In  the  filtrate  from  the  precipitated 
oxalate  the  sulphuric  acid  was  determined  as  barium  salt. 
The  oxalate  was  decomposed  by  heat,  and  the  laiithanium 
oxide  weighed.  These  experiments  gave  a  mean  of  580; 
extreme  diflerence,  5.6;  for  bivalent  lanthanium.  In  three 
experiments  the  iodate  was  decomposed  by  oxalic  acid,  the 
oxide  determined  as  before,  and  the  iodine  titrated  by  Bun- 
sen's  method.  These  experiments  gave  a  mean  of  580.2; 
extreme  difference,  5,3,  S  =  200 ;  Ba  =  855.  In  the  prepa- 
ration of  the  salts  analyzed  the  cerium  was  separated  fay 
peroxidation  with  magnesium  oxide  and  precipitation  as 
basic  sulphate.  After  the  removal  of  yttrium  by  potassic  sul- 
phate, the  lanthanium  and  didymium  salts  were  separated, 
by  making  a  saturated  solution  of  the  sulphates  at  a  temper- 
ature of  three  or  four  degrees,  and  gradually  raising  the 
temperature.  Lanthanium  salt  then  crystallizes  out  nearly 
pure.  The  purification  was  repeated  until  the  salts  were 
not  discolored  when  heated  in  an  open  crucible  over  the 
class-blower's  lamp.  Bunsen  assisted  at  this  investigation. 
{Erdmann's  Journ.  fur  Prak.  Chem.,  75, 1858,  348.) 
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C.  CzuDHOWicz :  UO.S  (0  =  16) ;  876  (0  =  100). 
Czudnowicz  especially  disclaims  making  this  as  an  atomic 
weight  determination  and  he  adopts  Holzmann's  value. 
The  salt  analysed  was  the  sulphate,  and  the  method  the 
earae  as  that  employed  by  Holzmann.  {Urdmann's  Journ. 
Jur  Prak.  Ghem.,  80,  1860,  31.) 

R  Hermann:  1S9.3$  (0=16);  870.75  (0  =  100). 
Hermann  analyzed  the  carbonate  by  decomposing  it  over 
mercury  by  sulphuric  acid,  and  measuring  the  carbon  di- 
oxide liberated.  The  residue  was  heated  to  redness  and 
weighed.  This  experiment  gave  La  =  580.4,  the  metal 
being  assumed  as  bivalent.  The  carbonate  was  prepared 
by  precipitating  the  sulphate  with  sodium  bicarbonate.  In 
three  experiments  the  sulphate  was  decomposed  by  ammo- 
nium oxalate  and  the  oxide,  obtained  by  incinerating  the 
oxalate,  weighed.  These  analyses  gave  La  ^=  580.7.  In 
one  experiment  the  chloride  was  analysed  with  argentic 
nitrate,  giving  La  =  580.4.  The  number  taken  is  the  mean ; 
■extreme  difference  2.3.  In  the  preparation  of  the  salts, 
cerium  was  separated  as  basic  sulphate.  La  and  didymium 
were  partially  separated  by  crystallization  after  which  a  por- 
iion  of  the  nearly  pure  sulphate  was  precipitated  by  ammo- 
nia, and  this  precipitate  digested  with  the  mother  liquor. 
Didymium  sulphate  is  by  this  means  completely  precipitated. 
S  =  200;  CI  =  443.2;  0  =  75.  Hermann  remarks  that 
his  former  determination  was  made  with  impure  material. 
{Erdmann's  Journ.  fUr  Prak.  Ckem.,  SS,  1861,  395.) 

H.  ZsCHiESCHB  :  1S6.S7  (0  =  16). 
Determined  by  six  experiments  on  the  sulphate.  The 
water  was  driven  off  at  230°,  and  the  anhydrous  salt  ex- 
posed to  a  white  heat  until  the  weight  became  constant,  and 
on  being  tested,  showed  no  sulphur.  The  mean  result  was 
La  =45.09;  extreme  difference,  1.15.  In  preparing  the 
salt  from  cerite,  the  cerium  was  peroxidized  with  red  lead 
and  nitric  acid  and  was  precipitated  as  basic  nitrate.  The 
didymium  was  separated  by  partial  precipitation  with 
oxalic  acid  and  concentration,  these  operations  being  re- 
peated as  long  as  the  absorption  lines  of  Di  were  percepti- 
ble in  the  spectroscope.  A  correction  was  made  for  the 
loss  of  weight  of  the  crucible,  and  there  was  no  dust  upon 
its  sides.  S  =  16.  {Erdmann's  Journ.  fur  Prak.  Ckem., 
104, 1868,  174;  107,  1869,  72.) 
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C.  Ere  :  135.39  (0  =  16). 

Determined  by  analysis  of  the  sulphate  by  the  method 
employed  by  llolzmann.  The  bases  were  separated  by  the 
methods  which  Hermann  used.  Yttrium  waa  also  elimi- 
nated, Fresenius  in  hia  Zeilschrifl,  10,  509,  objects  to  the 
details  of  the  Eric's  manipulation  of  barium  sulphate. 
{Kopp's  JahresberkkC,  1870,  319 ;  Jena  Zeitschr.  fiir  Med.  und 
Nat,  6,  1870,  299.) 

D.  Mendelejeff  :  180  (0  =  16). 

A8  La  forma  but  one  oxide,  the  salts  of  which  are  not, 
according  to  Marignac,  isomorphous  with  those  of  the 
lower  oxide  of  didymium,  Mendelejeff  concludes  that  it 
belongs  to  the  same  group,  but  that  its  oxide  is  a  binoxide, 
and  its  atomic  weight  180.  {JJiebig's  Ann.,Suppl.,  8,  1871, 
190.) 

C.  Marignac:  1S8.7S  (0  =  16). 
By  heating  the  sulphate  till  all  acid  waa  expelled,  Marig- 
nac, in  two  experiments,  determined  La  (bivalent)  at  92.52 
and  92.56 ;  by  preeipitation  with  ammonia  and  heating  at 
92.24  and  92.48.  The  sulphate  was  purified  by  a  great  num- 
ber of  partial  recrystallizations,  and  sbowed  only  doubtful 
traces  of  didymium  in  the  spectroscope.  8  =  lt>.  [Annal. 
de  Ckim.  et  de  Pkys.,  (4,)  30,  1873,  67.) 

P.  T.  Clbvb:  139.15(0  =  16). 
Determined  by  the  conversion  of  lautlianium  oxide  into 
sulphate.  The  number  is  the  mean ;  extreme  diiference 
0.55.  The  oxide  waa  purified  from  didymium  by  repeated 
partial  precipitation  from  nitric  acid  solution  with  ammonia, 
basic  didj'nii'um  nitrate  going  down.  The  lanthanium 
was  finally  precipitated  with  oxalic  acid.  The  oxide  was 
found  to  be  apectroscopically  pure  by  Thalen.  (Kopp's  Jak- 
resbericki,  1874,  257;  Faris  -Bull  de  la  Soc.  Chim.,  £1,  196, 
246,  344.) 


Kegnault,  Kopp  and  others  have  determined  the  specific 
heat  of  lead.  It  answers  to  an  atomic  weight  of  about  207. 
(^Qmelin-KTaut,  I.  c.) 
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J  J  Bbbzeucs  ami  ¥.  H.  Wollabtok  :  M74  (0  = 
16);  1295(0  =  100). 
Berzelins  found  16.5  psrts  carbon  iii-0J"<j8  =?""''<>  83-5 
lead  oxide,  whence  the  valne,  if  C  =  75.4.  [If  C  =  li, 
these  fignreB  give  lead  at  266.67.]  Berzolms  also  dettrmined 
the  composition  of  the  oxide  at  M6  oxygen  and  92^85  lead 
giving  Pb  =  ^07.5S  or  1297.     (PM.  Tmns.,  m,  181'',  20.) 

J.  J.  Bekzhltos:  m.m  (0  =  16);  1294.498  (0  = 

100). 

Determined  by  the  reduction  of  a  known  weight  of  oxide 

of  lead  by  hydrogen  and  the  weight  of  the  resultant  lead , 

mean  of   four  nearly  coincident  experimentB.      (Foggad. 

Ann.,  8,  1826, 184. 

—  Longchamp  is  credited  in  some  books  with  an  atomic 
weight  dStermination  of  lead.  Ho  made  none,  but  only 
speculated  on  the  composition  of  minium,  taking  Borzelms 
determination  as  a  basis.  {Armal.  de  Chm.  el  de  Fhyi.,  St, 
1827,  105.) 

J.  J.  Beezhlibs:  m.m  (0  =  16)!  mi-HiSI  (0  = 
100). 
This  value  is  the  mean  of  six  experiments  on  the  reduc- 
tion of  the  oxide  in  a  current  of  hydrogen.  The  oxids  was 
produced  by  the  decomposition  of  the  nitrate  by  heat.  As 
this  compound  reacts  upon  Pt,  the  crucible  was  bned  ont 
with  a  coating  of  a  very  basic  nitrate,  which  prevented  the 
lumps  of  neutral  salt  from  coming  in  contact  with  the  cruci- 
ble The  glass  in  which  the  oxide  waa  reduced  was  not 
attacked  "rTlie  third  analysis  is  miscalculated.  It  should 
show  an  atomic  weight  of  1295.595.  The  mean  is^  there- 
fore as  above,  and  the  extreme  diSirence  2.421.]  (Po.^jraii. 
Ani.,  19,  1830,  314.) 

J    J.  BEazEMDS:  mr.U  (0  =  16);  1294.645  (0  = 

100). 

In  his  Lehrbmh,  Berzelins  selects  ive  analyses  made  by 

the  above  method,  three  of  them  the  same.     These  give  the 

above  mean,  with  an  extreme  difference  of  0.704  tor  O  = 

100.     {Lehrbuch,  S,  1219.) 

E.  TniMisa :  H07M  (0  =  16). 
Determined  by  experiments  on  the  conversion  of  metallic 
lead  and  of  oxide  of  lead  into  the  sulphate  by  solution  m 
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nitric  acid  and  evaporation  willi  sulphnric  acid.  In  three 
experiments,  Turner  found  100  lead  =  146.401  sulphate  • 
extreme  difterence  0.055.  Borzelius  had  found  100  Pb  = 
146.419  sulphate ;  extreme  difference  0.078.  Turner  takes 
the  mean  of  his  own  and  Berzelius'  determinations,  146  41 
In  one  experiment  Turner  found  100  oxide  =  135  92  sul- 
phate. Combination  of  these  results  gives  Pb  =  103  6  Tor 
more  accurately  103.65.]  The  oxide  was  prepared  from 
Bubnitrate.  The  lead  was  prepared  from  plumbic  acetate 
which  was  converted  into  carbonate,  then  into  nitrate  in 
which  form  It  was  rccrjstallizcd,  then  again  into  carbonate, 
and  reduced  by  black  flux.     On  testing,  it  was  found  pcr^ 

«.  ^iSo^Vn,  >  S*"""*  '■educed  to  vacuum.  (Pha.  Tram., 
lao,  lS3d,  5z4.1 

C.  Marignac  :  207.04  (0  =  16). 
Marignao  made  four  experiments  on  plumbic  chloride  bv 
1  clooze  s  modification  of  the  silver  titration  method.  He 
found  Pb  =  103.67-.49-.55-.46.  The  number  taken  is  the 
mean.  Iho  salt  was  titrated  cold,  argentic  chloride  beinr 
soluble  in  hot  solutions  of  plumbic  nitrate.  The  plumbic 
eh  onde  was  purified  by  reorystallization,  and,  after  being 
pulverized,  was  dried  at  about  200°.  According  to  Marig- 
nac  there  is  no  difficulty  in  desiccating  it  oomplitely  at  this 
temperature.  Ag=  108  ;  01  =  35.5.  Marignac  found  it 
impossible  to  convert  the  chloride  into  the  sulphate  com- 
pletely.    {Bibl.  Univ.,  Arch,  des  Sciences,  (2,)  1,  1858,  223.) 

J.  Ddmas  ;  207.1  (0  =  16). 
From  a  single  experiment  on  the  precipitation  of  the 
chloride  with  argentic  nitrate.  The  chloride  used  was 
heated  tor  twelve  hours  in  a  current  of  dry  IIOl  and  the 
amount  of  water  retained  determined.  Dnmas  found  it  im- 
possible entirely  to  desiccate  the  salt  without  decomposition 
drying  at  250°  does  not.desiceate  it.  01  :=  35  5  ■  Ao-  =  lOs' 
{.Annul,  de  Chim.  ctde  Phys.,{3,)6.5,l859,12k)'      ^ 

J.  S.  Stas:  206.926  (0  =  16). 

100  lead  =  159.9703  nitrate;  extreme  difference  0  033  If 
S  =  14.044,  this  relation  gives  Pb  =  206.918.  Stas  also 
fnn  pi'"  ^If^ST  f  u*"  "''I''>''t«.  "Mch  gave  in  mean 
o""  ?5  S.y-,*^'*  sulphate ;  extreme  difference,  0.024  If 
8  =  82.0742,  this  relation  gives  Pb  =  206.934.  The  svntheses 
were  made  m  the  same  way  as  in  the  determination  of  the 
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atomic  weight  of  silver.  The  drying  of  the  nitrate  could 
be  accomplished  only  in  vacuo  and  at  about  155°.  The 
weighinga  are  for  vacuum.  The  lead  used  was  prepared 
from  commercial  acetate  by  precipitation  with  metallic  lead, 
of  copper,  etc.,  conversion  into  sulphate,  then  into  carbo- 
nate and  reduction  by  potasaic  cyanide  or  black  flux.  {Slas, 
Vniersuch.  uber  Ckem.  Prop.  Leipzig,  1867,  324.) 


LITHroM. 


Regnault  haa  determined  the  specific  heat  of  lithium.  It 
corresponds  to  an  atomic  weight  of  about  7.  {Gmelin- 
Kraut,  I.  c.) 

The  earliest  determinations  of  this  constant  seem  to 
have  been  made  with  a  double  salt  of  lithium  and  potassium, 
at  all  eventa  with  a  very  impure  material.  According  to 
Arfvedson,  420.4  lithium  chloride  ^ve  1322.4  argentic 
chloride,  whence  he  deduces  as  the  atomic  weight  the  num- 
ber 127.757  [or  10.22.]  {Poggend.  Ayin.,  8,  1826,  189.)  L. 
N.  Vauquelin  found  430  lithium  sulphate  equivalent  to 
875  barium  sulphate.  [If  8  =  32;  Ba  =  137.08,  this  rela- 
tion gives  Li  =  9.27.]  Vauquelin  does  not  deacribe  the 
preparation  of  his  salt.  [Annal.  de  Chem.  et  de  Phys.,  7, 1818, 
287.)  C.  G.  Gmelin  found  Li  =  191.21  [or  7.65.]  (Poggend. 
Ann.,  16, 480  ;  Gilbert's  Ann.,  6S,  1819,  399.)  Kralovanszky 
by  two  analyses  of  the  sulphate  with  barium  chloride  got 
Li  at  from  10.096  to  10.168  {Liebig's  Ann.,  121,  94; 
Schweigger's  Joum.,  54,  1828,  231.)  Thomson  and  Stro- 
mcyer  also  each  got  similar  values.  {Thomson's  System  of 
Ckem.,  7th  ed.,  1,  1831,  420.) 

R.  Hermann  :  6.085  (0  ^  16) ;  S8.03  (0  =  100). 
Experiments  were  made  on  the  carbonate  by  decomposing 
it  with  acid  over  mercury,  and  measuring  the  resultant 
di-oxide.  For  C  ==  75.33,  these  determinations  give  Li  = 
38.  Several  experimenta  were  also  made  by  analyzing  the 
sulphate  with  barium  chloride.  For  S  =  201.06  and  Ba  = 
856.88,  these  give  Li  =  38.05.  Hermann  precipitated 
lithium  carbonate  with  ammonium  carbonate,  and  subse- 
quently converted  it  into  sulphate.  The  chloride  was  pre- 
pared from  the  phosphate  by  Berzelius'  method.  [Poggend. 
Ann.,  IS,  1829,480.) 
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J.  J.  Berzelius:  6.5SS  (0  =  16);  40.83  (0  =  100). 

Berzeliua  found  that  1.874  lithium  sulphate  gave  3.998& 
barium  sulphate,  and  calculated  this  relation  for  S  =  200,75 ; 
Ea  =  855.29.  He  also  found  4.4545  melted  carbonate^ 
6.653  sulphate,  but  rejected  the  analysis.  {Lehrbuck,  3, 1229, 
aad  Jahresherickt,  10,  1830,  96.) 

E.  Hagen:  6.57  (0  =  16). 

Hagen  precipitated  lithium  sulphate  with  barium  chlo- 
ride, and  found  that  0.852  dry  lithium  sulphate  gave  1.8195 
barium  sulphate  whence  he  calculates  Li  =  6.493.  [If 
Ba  =  1.37.08;  S  =  32;  this  relation  gives  Li  =  6.57.] 
{Poggmd.  Ann.,  48,  1839,  363.) 

J.  W.  Mallet  :  6.95  (0  =  16) ;  86.89  (0  =  100). 

In  two  experiments  a  known  weight  of  lithium  chloride 
was  precipitated  by  argentic  nitrate,  and  the  argentic  chlo- 
ride weighed.  In  one  experiment  lithium  chloride  was 
titrated  with  argentic  nitrate  by  Pelouze's  method.  The 
number  is  the  mean;  the  extreme  difference  is  0.18  for  0 
=  100.  Mallet  takes  Ag  =  1349.66 ;  01  =  443.28.  The 
alkalis  were  separated  from  the  lithium  salt  by  repeated 
treatment  with  ether  and  alcohol.  The  salt  was  examined 
for  impurities',  and  was  fused  with  a  little  ammonium  chlo- 
ride to  prevent  the  formation  of  oxy-chloride.  {Silliman's 
Amer.  Joum.,  (2,)  SS,  1856,  349.) 

L.  Teoost:  6,5  (0^16). 

Trooat  found  this  number  from  analysis  of  the  carbonate 
which  had  been  crystallized  from  water  containing  carbon 
di-oxide  and  dried  at  200°,  but  does  not  regard  it  as  defini- 
tive.    {Annal.  de  Chim.  etde  Phys.,  (3,)  51,  1857,  111.) 

J.  W.  Mallet  :  7  (0  =  16). 

Troost  having  objected  to  Mallet's  former  method  of 
determination,  he  redetermined  it  by  precipitating  the 
sulphate  with  a  standard  solution  of  barium  chloride, 
the  precipitating  power  of  which  had  been  tested  on  the 
sulphates  of  magnesium  and  sodium.  This  method  was 
adopted  to  avoid  the  well-known  imperfections  of  the  sul- 
phur determination.  Compared  with  sodium  sulphate  the 
atomic  weight  of  Li  was  found  =  6.92  and  6.95.  Compared 
with  magnesium  sulphate  it  was  found  =;  7.07  and  7.09. 
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Mg  ;=  24 ;  Na  ^=  23.  The  sulphate  was  prepared  from  car- 
bonate, and  dried  somewhat  below  a  red  heat.  (SitUman's 
Amer.  Journ.,  (2,)  S5,  1859,  349.) 

K.  Diehl:  7.026  (0  =  16). 

Determined  by  analysis  of  lithium  carbonate  with  Bun- 
sen's  apparatus  and  in  hia  laboratory,  ^our  experiments; 
extreme  difference,  0.024.  C  =  12.  The  salt  was  purified 
from  alkalis  by  precipitation  as  carbonate,  resolution  in  aeid 
and  reprecipitation,  repeated  until  the  sodium  line  was  no 
longer  visible.  Diehl  found  that  precipitation  of  the  sul- 
phate with  barium  chloride  gave  a  nearly  constant  error  on 
account  of  the  retention  of  lithium  in  the  precipitate,  and 
led  to  nearly  the  same  results  aa  Berzelius  got.  {Liebig's 
Ann.,  ISl,  1862,  93.) 

L.  Troost:  7  (0  =  16). 

Troost  found  1.309  grammes  lithium  chloride  =  4.42 
argentic  chloride,  and  2.75  lithium  chloride  =  9.3  argentic 
chloride.  From  these  analyses  be  deduces  the  values  7.03 
and  6.99.  By  decomposing  the  carbonate,  dried  at  100°, 
with  silicic  acid,  he  found  0.97  carbonate  ^  0.577  carbon 
di-oxide  and  1.782  carbonate  ^=  1.059  di-oxide,  and  infers 
for  Li  7  and  7.02.  In  one  experiment  the  carbonate  was 
converted  into  sulphate.  1.217  carbonate  gave  1.808  sul- 
phate. Troost  calculates  Li  =  7.06.  [If  01  =  35.457 ;  Ag 
=  107.93;  G  =  12;  8  =  32;  these  determinations  give,  in 
the  same  order  as  above,  7.01;  6.94;  6.98;  7.02;  7.07.] 
The  carbonate  was  purified  by  solution  in  water  containing 
carbon  di-oxide,  and  reprecipitation  by  boiling,  the  opera- 
tion being  repeated  until  the  salt  was  spectroscopically  pure. 
{Paris  Comples  Rend.,  S^,  1862,  366.) 

J.  S.  Stas  :  7.022  (0  =  16). 

According  to  the  mean  of  three  determinations,  100  parts 
of  silver  =  39.358  lithium  chloride;  extreme  difference, 
0.005.  If  Ag=  107.93;  01  =  35.457;  this  ratio  gives,  Li 
=  7.022.  This  value  is  confirmed  by  experiments  on  the 
conversion  of  the  chloride  into  the  nitrate,  the  results  of 
which  give  Li  =  7.018.  The  comparison  with  silver  was 
made  according  to  Pelouze's  modification  of  the  silver  titra- 
tion method.  The  chloride  was  purified  from  alkalis,  after 
preliminary  treatment  with  ether  and  alcohol,  by  pouring 
the  dissolved  salt  into  a  boiling  solution  of  ammonium  car- 
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bonate  coutainiug  ammonia  in  excess.  All  weighings  re- 
duced to  vacuum.  {Stas,  Untersuck.  ilber  Chem.  Prop., 
Leipzig,  1867.) 


MAGNESIUM. 

Kegnault  and  Kopp  have  each  determined  the  specific 
beat  of  this  metal.  It  answers  to  an  atomic  weight  of 
about  24.     [Gmelin-Kraut,  I.  c.) 

J.  J.  Eerzelius  ;  m.3  (0  =  16) ;  158.139  (0  =  100). 

Determined  by  dissolving  magnesium  oxide  in  dilute  sul- 
phuric acid,  evaporating  and  heating  to  inciment  redness. 
100  oxide  were  founds  293.985  sulphate.  The  sulphate 
was  perfectly  soluble  in  water  and  had  therefore  lost  none 
of  its  acid.  The  oxide  was  purified  by  solution  in  an 
aqueous  solution  of  carbon  di-oxide  and  repreeipitated  by 
boiling.  8  =  200.75.  [Poggend.  Ann.,  8.  1826,  188:  and 
Lekrbush,  S,  1227.) 

Marchand  and  Seheerer  recalculated  this  analysis  for  8  = 
200  and  reached  the  value  157.74.  They  assert  that  the 
oxide  may  have  contained  alkalis  and  that  the  sulphuric 
acid  carries  off  magnesium  sulphate  in  volatilizing.  [PJrd- 
mann's  Journ.  fiir  Jh-ak.  Chem.,  50,  1850,  392.) 

VT.  Heney  :  F.  H.  Wollaston  :  S3.S6  f  0  =  16);  146 
{0  =  100). 

Henry  found  that  magnesium  sulphate  contained  33  per 
cent,  magnesium  oxide.  If  S  =  200  the  value  follows. 
(PH.  Trans.,  IO4,  1814,  21.) 

—  LoNGcnAMP :  15.S5  (0  =  16). 
In  two  experiments,  Longehamp  found  that  five  parts  of 
crystallized  magnesium  sulphate  are  equivalent  to  4.91 
barium  sulphate.  [If  Ba  =  137.08;  S  =  32,  the  number 
follows.]  Longehamp  found  53  per  cent,  water  which  is 
much  too  high.  According  to  Marchand  and  Seheerer,  the 
data  for  the  anhydrous  salt  give  Mg  =  97.37,  for  8  =  200  ■ 
Ba  =  856.8,  [or  15.74.]  {Annal.  de  Clara,  et  de  Phys.,  IS, 
1819,265.) 

L.  J.  Gay-Lpssac:  S3.GS{0  =  \Q). 
16.205  grammes  crystallized  sulphate  were  found  equal 
to  15.345  barium  sulphate,  and  19.895  magnesium  sulphate 
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to  18.3455  barium  sulphate.  Calculating  from  the  anhy- 
drous salt  Gay-Lussac  found  from  these  experiments  re- 
spectively Mg  =147.23  and  Mg  =  148.09  for  Ba  =  856.8; 
8  ^=  200.  The  salt  was  found  to  contain  51.43  water. 
[Calculated  from  the  anhydrous  salt  these  data  give  Mg 
=  23.55  and  23.68.  Calculated  from  the  hydrous  salt  (7 
molecules  water)  the  numbers  give  24,14  and  24.41,  if  S  ^ 
32;  Ba  =  137.08.]  Gay-Lussac  remarks  that  the  sulphate 
is  partially  decomposed  at  a  red  heat.  {Annal.  de  Chira.  et 
de  JPhys.,  13,  1820,  308.) 

T.  ScHEERER :  04J6  (0  =  16) ;  150.97  (0  =  100). 
Mean  of  six  experiments  on  the  precipitation  of  the  sul- 
phate with  barium  chloride.  Extreme  difference,  0.79.  S 
=  200.75;  Ba  =  855.29.  After  weighing,  the  barium  sul- 
phate was  treated  with  dilute  HCl  and  the  chloride  thus 
extracted  allowed  for.     [Poggend.  Ann.,  69,  1846,  535.) 

T.  ScHEERER :  U-^1  {0  =  16) ;  151.33  (0  =  100). 
Barium  sulphate  formed  as  in  the  last  determination  was 
fused  witli  soda,  the  barium  carbonate  dissolved  in  HCl,  and 
repreeipitated  aa  sulphate.  In  the  filtrate  additional  mag- 
nesia was  found.  If  the  error  in  the  former  determination 
was  the  same,  its  corrected  value  would  be  as  above. 
{Poggend.  Ann.,  70,  1847,  407.) 

SVANBERG  and  KORDENFELDT  :   ^4-'^^  (0  ^=  16) ; 
154.504  (0  =  100). 

Four  experiments  were  made  on  the  calcination  of  the 
oxalate,  and  three  on  the  conversion  of  the  magnesia  so 
obtained  into  sulphate.  The  oxalate  was  dried  at  from 
100°  to  105°  and  heated  to  redness  until  the  weight  was 
constant.  The  oxide  was  dissolved  in  sulphuric  acid,  evapo- 
rated and  the  excess  driven  off  by  beat.  The  oxalate  was 
prepared  from  the  sulphate  by  precipitation  with  sodium 
carbonate  and  digestion  with  oxalic  acid.  The  number  is 
the  mean  of  all  experiments;  extreme  difference,  0.514. 
8  =  200.75;  0=75.12;  H  =  12.48.  [Erdmann's  Jovm. 
fur  Prak.  Chem.,45,  1848,  473.) 

According  to  Marchand  and  Scheerer,  the  data  give  Mg 
=  154.27  tor  S  =  200;  H  =  12.5;   C  =  75. 

Marchand  and  Scheerer:    S4..03  (0  =  16);  150.19 
(0  =  100). 
Eleven  experiments  were  made  in  calcining  massive  mag- 
carbonate  from   Frankenstein,  and   weighing   the 
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caustic  magnesia  formed.  The  carbonate  was  dried  at 
300°,  and  the  carbon  di-oxide,  which  passes  off  above  230° 
was  caught  by  eaustie  baryta  solution  and  determined.  The 
traces  of  carbon  di-oxide  not  expelled  by  a  yellow  heat 
wereset  free  by  solution  in  ehlorhydric  acid  and  also  de- 
termined as  barium  carbonate.  The  silicic  acid,  etc.,  were 
also  determined.  The  mean  in  air  is  150.34 ;  in  vacuo  as 
above.  Extreme  difference,  0.57.  C  =  75.  Eleven  other 
experiments  were  made  with  comparatively  impure  material 
and  less  precaution,  tending  to  confirm  the  above.  (M-d- 
mann's  Journ.  fur  Prak.  Ghem.,  50,  1850,  409.) 

T.  ScuEEEBR :  24  (0  =  16) ;  150  (0  =  100).     . 

B^  separating  the  neutral  sulphates  of  magnesium  and 
calcmm  by  means  of  alcohol,  Scheerer  found  that  the  mag- 
nesites  used  by  Marchand  and  himself  contained  from  one- 
fourth  to  one-half  per  cent,  calcium  oxide.  This  correction 
would  make  their  determination  almost  exactly  250  or  24 
{Liebig'sArm.,110,\%h%,2m.) 

V.  A.  Jacquelin:    S4.4O8  (0  =  16);    152.55  (0  = 
100).  '  ^ 

Anhydrous,  neutral  magnesium  sulphate,  obtained  by 
solution  of  the  oxide  in  sulphuric  acid  and  heating  to  red- 
ness, gave  33.56  per  cent,  pure  oxide.  The  method  adopted 
IS  not  described.  This  oxide  hy  treatment  with  sulphuric 
acid  gave  the  original  amount  of  sulphate.  If  S  =  200, 
the  number  follows.  [Annal.  de  Ghim.  et  de  Ph)/s.,  (3,)  3S, 
1851,  195.)  ^    .  V  .;      , 

A.  Macdonhell  :  23.9  (0  =16). 

Determined  from  analyses  of  anhydrous  and  of  erystal- 
tized  magnesium  sulphate.  {Brit.  Assoc.  Sep.,  1852,  part 
2,  36;  and  Kopp's  Jahresbeneht,  5,  364.) 

J.  F.  Bahr  :  ^4.77  (0  =  16) ;  154.842  (0  =  100). 
A  known  weight  of  purified  magnesium  oxide  was  dis- 
solved in  sulphuric  acid,  evaporated  and  heated  to  redness 
till  the  weight  was  constant.  The  number  is  the  mean  of 
three  experiments;  extreme  difference,  0.515.  The  oxide 
was  obtained  from  meteoric  olivin.  After  removal  of  the 
heavy  metals,  the  solution  was  evaporated  to  dryness  with 
soda,  washed  and  heated  to  redness.  The  oxide  so  obtained 
was  dissolved   in  acetic  acid,  oxalic  acid  was  added,  the 
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solution  evaporated  nearly  to  dryness,  and  the  oxalate 
thoroughly  washed.  Bahr  says  that  the  presence  of  alkalis 
could  not  he  suspected.  8  =  200.  [Erdmann's  Journ.  fur 
Prak.  Cftem.,  5^,1852,310;  (Efversigl  of  Akad.  Fierh.,  1851, 
303.)  . 

Scheerer  says  that  oxide  so  prepared  retains  carbonic 
acid,  that  sulphate  is  carried  oft'  in  heating  the  sulphate  to 
redness,  and  that  the  presence  of  alkalis  is  to  be  suspected. 
{Erdmann's  Journ.  fur  Prak.  Ckem.,  56,    1852,  489.) 

J.  Dumas  :  24.6  (0  =16). 
Dumas  made  eleven  experiments  on  the  titration  of  mag- 
nesium chloride  with  argentic  nitrate.  He  found  great 
difficulty  in  preparing  pure  chloride,  and  does  not  feel  con- 
fident of  his  results.  The  number  is  the  mean ;  extreme 
difference,  0.28.  Ag  =  108  ;  CI  =  35.5.  The  chloride 
was  prepared  from  various  salts,  but  was  in  all  cases  finally 
heated  in  an  atmosphere  of  HCl.  Dumas  points  out, 
however,  that  this  process  does  not  remove  oxide  if  present. 
{Annal.  de  Chim.  etde  Phys.,  (3,)  55,  1859,  129.) 


MANGANESE. 


Regnault  has  determined  the  specific  heat  of  manganese. 
It  corresponds  to  an  atomic  weight  of  about  55.  {Ghnelin- 
kraut,  I.  e.) 

J.  J.  Berzelios:  5e.9S  (0=16);  355.787  (0  = 
100). 
By  dissolving  manganese  in  nitric  acid,  evaporating  and 
heating  to  a  low  red,  Berzelius  found  100  Mn  =  142.16 
oxide.  It  was  not  known  at  the  time  that  the  oxide  might 
be  partially  reduced  by  this  process.  (Poggend.  Ann.,  8, 
1826,  185;  and  Jahresberioht,  9,  136.) 

J.   A.   Arpvedson:    56.^5    (0  =  16);    351.56    (0  = 

100). 

From  1.508  chloride  Arfvedson  obtained  3.408  argentic 

chloride.     If  Ag  =  1351.607;    01  =  221.325;    the  number 

follows.     (Berzelius'   Jahresberieht,  9,  1829,  136  ;  Afkandl.  i. 

Fysik.,  6,  236.) 
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E.  Turner:  Si.9  (0  =16). 
Turner  analyzed  the  carbonate  in  an  apparatus  similar  ta 
Bunsen's.  He  found  34.72  per  cent,  carbon  di-oxide  and 
8,427  water.  For  C  =  6,  he  calculates  Mn  =  28.024.  By 
dissolving  the  protoxide  in  sulphuric  acid,  evaporating  and 
heating  to  redness,  he  found  9  oxide  =:  19.01  sulphate.  If 
S  =  16,  this  gives  Mn  =  27.96.  A  eecond  experiment  gave 
27.93.  From  12.47  Mn  chloride  he  obtained  28.42  argentic 
chloride.  [If  CI  =  35.5,  Ag  =  108;  this  gives  Mn  =  54.9.] 
The  carbonate  was  obtained  by  precipitation  with  potassium 
carbonate.  The  protoxide  was  obtained  by  reduction  of 
higher  oxides  in  hydrogen.  The  chloride  was  melted  in  a 
current  of  HCl  gas.     {Mmb.  Trans.,  11,  1831,  143.) 

J.  J.  Bbrzelius:  66M  (0  =  16);  345.9  (0  =  100). 
Berzelius  repeated  Turner's  experiments,  taking  larger 
quantities.  From  the  chloride  he  got  from  345.84  to  .96 ; 
from  the  sulphate  from  846.03  to  .29.  Ag  =  1351.607 ;  CI 
=  221.325;  8  =  201.165.  [Berzelius'  Jahresberickt,  9,  ISSO, 
136.) 

J.  J.  Berzelius  :  5S.U  (O  =  16) ;  344.684  (0  =  100). 
In  his  Lehrbuch  he  apparently  takes  the  analyses  of  the 
chloride  above  cited,  recalculated  for  CI  ^221,64;  Ag  := 
1349.66.     {Lehrbuch,  S,  1224.) 

R.  Brandes;  57.06  (0  =16);  356.602  (0  =  100). 
Determined  by  analysis  of  crystallized  chloride.  The 
chlorine  was  determined  by  precipitation  with  silver.  The 
Mn  was  precipitated  aa  carbonate,  and  converted  into  oxide 
by  heat.  The  water  was  determined  by  difference,  and  the 
composition  of  the  oxide  was  assumed  to  be  as  given  by 
Berzelius,  (!)  whose  values  for  Ag  and  CI  were  also  taken. 
{Poggend.  Ann.,  m,  1831,  256.) 

E.  vonHauer:  54.98  (0  =  16);  343.632(0  =  100). 
Determined  by  nine  experiments  on  the  reduction  of  the 
sulphate  to  sulphide  by  heating  the  salt  in  a  current  of 
hydrogen  sulphide.  The  reduction  was  performed  in  a 
porcelain  tube  enclosed  in  a  charcoal  fire.  !N'umber,  mean ; 
extreme  difference,  0.34,  for  0  =  16.  The  sulphate  was 
prepared  from  a  pyrolusite  containing  only  eilica,  iron,  and 
barium.  It  was  reduced  to  protoxide,  dissolved  in  sulphu- 
ric acid,  oxidized  with  nitric  acid,  precipitated  with  oxalic 
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acid,  converted  into  red  oxide,  dissolved  in  chlorhydric  acid 
and  alcohol,  precipitated  with  ammonium  carbonate,  dis- 
solved in  sulphuric  acid,  repeatedly  heated  to  redness  and 
recrystallized,  and  was  dried  at  300°.  Accurate  experi- 
ments on  the  reduction  of  the  red  oxide  proved  impractica- 
ble on  account  of  the  hydroacopicity  of  the  compound. 
Two  experiments  on  the  oxidation  of  the  protoxide,  under- 
taken as  a  check  on  the  other  method,  gave  27.486  and 
27.527  for  0  =  8;  S  =  16.  (Erdmann's  Journ.  fiir  Prak. 
Chem.,  7S,  1857,  361;  Sitz.-Berickt  der  k.  k.  Akad.,  1857.) 

J.  Dumas  :  54.96  (0  =  16). 
Determined  by  the  decomposition  of  the  chloride  with 
argentic  nitrate.  The  number  is  the  mean  of  five  experi- 
ments; extreme  difference,  0.1  for  0^16.  C!  =  35.5  ; 
Ag  =  108.  Dumas  had  previously  made  experiments  on 
the  reduction  of  the  hyperoxide  to  protoxide  by  hydrogen. 
These  gave  the  atomic  weight  at  from  25.99  to  26.09  for 
0  =:  8,  Dumas  believes  that  a  part  of  the  oxide  was  re- 
duced to  metal.  The  peroxide  was  prepared  from  nitrate 
of  the  protoxide.  {Annal.  de  Ckim.  et  de  Phys.,  (3,)  55, 1859, 
150.) 

-Hawack:  54.02  (0  =  16). 


Determined,  in  Schnei 
known  weight  of  red  oxi 
dry  hydrogen,  and  wei; 


aider's  laboratory,  by  reducing  a 
side  to  protoxide  in  a  current  of 
^hing  the  water  formed.  The  num- 
ber is  derived  from  the  mean  of  six  selected  experiments. 
The  extreme  difterence  is  0.22  for  0  =  16.  {Poggmd.  Ann., 
107,  1859,  607.) 

E.  Schneider  :  54.038  (0  =  16). 
The  mean  result  of  four  analyses  of  the  oxalate  by  the 
ordinary  method  of  organic  analysis.  Extreme  difference, 
0.04  for  0  =  16.  0  =  12.  The  oxalate  was  prepared  from 
chemically  pure  sulphate  by  precipitation  with  sodium  car- 
bonate, digestion  with  oxalic  acid,  and  drying  over  sulphu- 
ric acid.     {Paggmd.  Ann.,  107,  1859,  613.) 


MEECUEY. 


The  specific  heat  of  mercury  in  the  solid  state,  as  observed 
by  Eegnault,  and  the  vapor  density,  as  determined  by  Dumas, 
correspond   to   an   atomic   weight   of  slightly  above    200. 
{Gmelin-KrKUt,  I.  c;  L.  Meyer,  I.  c.) 
6 
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FoTJRCROY  AND  Thenard,  Davy,  Wollaston  ■   SOO  8 
(0  =  16);  1255  (0  =  100). 

Foureroj  and  Thenard  found  8  0  =  100  Hg.  Davy  found 
30  0  =  380  Hg,  giving  Hg  =  1266.  The  latter  also  found 
134  CI=-380Hg,  which  for  01=441,  gives  H£=1254 
{PhU.  Trans.,  I04.,  1814,  21.) 

N.  G.  Sbfstrobm  :  202.53  (0  =  16):  1265.822   (0  = 
100).  ^  !•  \ 

Determined  by  three  analyses  of  the  oxide  according  to 
which  100  Hg  =  7.89,  7.9,  and  7.97  0.  (BerzeUus'  Lehr- 
buck,  S,  1215.) 

E.  Turner  :  200.7^  (0  =  16). 

Turner  made  a  number  of  determinations  of  this  atomic 
weight  but  regarded  the  value  he  adopted,  202,  only  as 
an  approximation.  From  the  oxide,  prepared  from  nitrate, 
he  got  200.77  and  199.97.  The  compound  was  decomposed 
by  heat,  and  the  products  carried  over  silver  and  gold  in  a 
narrow  tube.  Four  experiments  were  made  on  mercuric 
chloride  which  was  decomposed  by  pure  calcic  oxide,  and 
the  CI  precipitated  with  argentic  nitrate.  [These  analyses 
recalculated  for  the  8tas'  atomic  weights  of  Ag  and  01 
give  202.079,  201.701,  201.815.]  Turner  also  made  two 
experiments  on  the  reduction  of  the  chloride  with  stan- 
nous chloride,  the  Hg  being  collected,  dried  and  weighed. 
[These  experiments  recalculated  give  199.423  and  199.289.J 
The  mercuric  chloride  was  purified  by  recrystallization. 
Weighings  reduced  to  vacuum.  (PM.  Trans.,  im,  1833 
535.)  -         .  , 

Erdmann  and  Marchand:  SOO.IA  (0  =  16V  1250  6 
(0  =  100).  ^  ' 

Determined  from  the  mean  of  four  experiments  on  the 
reduction  of  the  oxide  in  a  current  of  carbon  di-oxide. 
Copper,  carbon  (from  sugar)  oxide,  and  carbon,  were  intro- 
duced in  successive  layers  in  a  combustion  tube.  Dry  car- 
bon di-oxide  was  passed  through  and  the  mercuric  oxide 
heated.  The  metal  was  collected  in  a  receiver  to  which  a 
tube  filled  with  gold  foil  was  appended.  The  metal  was 
perfectly  clean.  Moisture  was  removed  by  a  stream  of  dry 
air  after  distillation.  The  oxide  was  purified  by  heating  it 
to  incipient  decomposition  the  metallic  fumes  being  removed 
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by  i.  current  of  diy  air.  It  w»3  tsBted  before  bemg  <^«oiy^f- 
The  extreme  diSisrence  in  tlie  results  was  0.8  tor  U  =  i""- 
All  weighings  in  cacao.  {M-dmannS  Jaurn.  fur  Pralc.  Uiem., 
SI,  1844,  392.) 

E.  Miliok:  199.H  (0  =  16);  1249.63  (0  =  100). 
Millon  made  two  experiments  bj  heating  mercuric  chlo- 
ride with  calcic  oxide  in  a  current  of  iyi'Sf"  »7  ""J 
densing  the  metal.  The  experiments  gave  73.87  and  73.82 
per  cent,  mercury.  If  CI  =  442.64,  the  value  follows.  The 
chloride  was  dissolved  in  ether  and  sublimed  It  was  per- 
fectly soluble  in  ether  and  alcohol,  and  was  well  crystallized. 
IParii  amples  Bad.,  HO,  1846, 1291.) 

L.  Svaumm:  SOO  (0  =  16);  1250  (0  =  100). 
Svanberg  made  three  experiments  by  the  same  method 
employed  by  Millon.  The  mean  result  was  1248  47;  ex- 
treme difference,  0.94;  but  Svanberg  shows  that  there  was 
probably  loss,  and  that  the  larger  the  quantity  of  chloride 
imployed  the  higher  the  result.  He  regards  Erdmaim  and 
Marohand's  result  as  most  probable,  but  m  need  of  con- 
flrmation.  01  =  443.28.  (W™n»'»  J»"-  /"  -ftf; 
CAem.,*),  1843,  468;  Xonji.  Frt.  jlfaii.  Smdi.,  1846,135.) 


MOLYBDENUM, 

Eegnault  determined  the  specific  heat  of  molybdenum 
Itanswers  to  an  atomic  weight  of  aljout  96.  [Omelm-Kraul, 
Lc.) 

J.  J.  BEBamiuB:  95.36  (0  =  16);  696.1  (0  =  100). 

One  hundred  parts  of  anhydrous  plumbic  nitrate,  dis- 
solved and  precipitated  with  neutral  ammonium  molyljdate, 
save  110.68  parts  plumbic  moljbdate.  It  Pb  =  1294.645, 
N  =  87  53  the  value  follows.  Berzelius  expresses  himselt 
dissatisfied  with  the  accuracy  of  the  determination.  (Poj- 
gend.  Am.,  8,  1826,  23 ;  and  Lehrbuch,  S,  1208.) 

SviHiiiEO  AM    Strove:    m.lS   (0  =  16);    675.829 
(0  =  100). 
After  trying  various  methods  without  getting  accordant 
results,  these  chemists  made  ten  experiments  on  the  sul- 
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phide  by  roasting  itiirst  in  a  current  of  moist,  and  then  of 
dry  air.  Three  experiments  were  excluded  as  imperfect. 
The  remainder  gave  a  mean  of  89.7523  molybdic  acid  from 
100  sulphide;  extreme  difference,  0.22.  The  value  follows 
for  S  =  200.  Objeetiona  have  been  made  {Liebig's  Ann., 
6S,  311)  that  the  dift'erence  in  weight  between  the  acid  and 
the  sulphate  is  too  small  for  the  purpose  of  the  determina- 
tion, and  that  the  different  analyses  give  very  difi'erent 
atomic  weights.  The  sulphide  was  prepared  by  meltings 
together  molybdic  acid,  sulphur,  and  caustic  potash,  and 
leaching  the  product  with  water  and  chlorhydric  acid.  The 
sulphide  was  dried  in  a  current  of  hydrogen.  The  molyb- 
dic acid  was  dissolved  in  ammonia  to  prove  the  absence  of 
sulphide.    {Mrdmamfs  Joum.fUr  Frak.  Ckem.,  44, 1848,  315.) 

K  J.  Berlin  :  9^98  (0  =  16);  674.75  (0  =  100). 

Determined  by  four  analyses  of  the  double  mono-sesqui- 
molybdate  of  ammonium  by  heating  gently  with  nitric  aoid 
in  a  platinum  crucible  until  only  molybdic  acid  was  left. 
Extreme  difference,  3.32  for  O  =  100 ;  N  =  175 ;  H  ^  12.5. 
The  preparation  of  the  salt  is  not  given.  {Erdmann' s  Journ, 
fur  Prak.  Chem.,  49,  1850,  446.) 

J.  Dumas  :  96  (O  =  16). 
Dumas  made  five  experiments  on  the  reduction  of  molyb- 
dic acid  (prepared  from  the  natural  sulphide)  by  means  of 
hydrogen.  The  reduction  was  begun  at  a  low  temperature 
in  a  glass  tube,  and  completed  in  an  unglazed  porcelain  tube 
in  a  reverberatory  furnace,  where  it  was  kept  till  several 
hours  heating  produced  no  further  alteration  in  weight. 
The  molybdenum  did  not  assume  a  metallic  appearance. 
The  number  is  the  mean;  extreme  difference,  0.8  for  0  ^= 
16.     {Annul,  de  Chim.  e(  de  Pkys.,  (3,)  65,  1859,  142.) 

M.  Delafontaine  :  9S  (0  =  16);  575  (0  =  100). 
This  chemist  made  many  experiments  in  various  ways 
without  being  able  to  reach  constant  results,  and  only  re- 
marks that  his  experiments  indicate  Svanberg  and  Struve's 
value  as  the  best.  {M-dmann's  Joum.fUr  Prak.  Chem.,  95, 
1865,  137;  Bibi  Univ.,  Arch,  des  Sciences,  ^S,  1865.) 

H.  Debeay:  95.94  (0  =  16). 

Debray  made  three  experiments  on  the  reduction  of 
molybdic  acid.     The  acid  was  iirst  converted  into  the  red 
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oxide  in  platinum,  and  at  a  low  temperature,  and  the  small 
portion  of  the  acid  volatilized  during  this  operation  was 
caught  and  determined.  The  reduction  was  completed  in 
a  porcelain  tube  at  a  white  heat.  Debray  givea  his  results 
at  48.03;  48.04;  and  47.84.  [The  analytical  data,  recalcu- 
lated, give  95.30;  95.55;  95.73;  perhaps  on  account  of 
misprintt".  Reduction  to  vacuum  would  still  further  reduce 
the  numbers.]  The  acid  was  purified  by  siibliraation_  in 
platinum,  conversion  into  ammonium  salt,  and  regeneration 
by  heat.  In  two  experiments  ammoniacal  solution  of  molyb- 
dic  acid  was  evaporated  in  the  dark  with  excess  of  argentic 
nitrate,  the  argentic  molybdate  dissolved  out  and  the  excess 
of  silver  determined.  Debray  found  5.510  acid  =  7.657 
silver,  and  7.236  acid  =  10.847  silver.  Hence  he  calculates 
M  =  48  and  47.98.  [A  little  calculation  shows  that  the 
first  data  are  misprinted.  They  should  read  5.11  acid  == 
7.657  silver.  The  corrected  data  give  for  Ag  =  107.93;  M 
=  96  06  and  95.99.  The  mean  of  the  recalculated  analyses 
is  95.73.]     [Paris  Comptes  Bend.,  66,  1868,  732.) 

L.  Meyer  :  96.10  (0  =  16). 
Calculated  from  three  analyses  of  the  dichloride,  two 
analyses  of  the  tetrachloride,  and  two  analyses  of  the  pen- 
tachloride,  made  by  Leichte  and  Kempe  in  Meyer's  labora- 
tory. The  dichloride  was  analyzed  by  heating  in  a  current , 
of  hvdrogen  sulphide,  and  subsequently  in  a  current  of 
hydrogen.  Molybdenum  disulphide  is  the  residue.  The 
HCl  formed  was  caught  in  ammonium  hydrate  and  precipi- 
tated by  argentic  nitrate,  after  the  hydrogen  sulphide  had 
been  driven  off  by  boiling  in  a  flask  provided  with  a  con- 
densing drip-tube.  The  tetra  and  pentachloride  were 
decomposed  with  nitric  acid,  excess  of  ammonium  hydrate 
was  added,  and  molybdenum  trisulphide  precipitated  with 
ammonium  sulphide.  A  weighed  portion  of  the  dry  pre- 
cipitate was  converted  into  disulphide  by  heating  in  a  cur- 
rent of  hydrogen.  The  chlorine  of  the  higher  chlorides 
was  determined  in  the  tiltrate  after  precipitation  of  the 
trisulphide.  By  comparing  the  amount  of  chloride  analyzed 
with  the  amount  of  argentic  chloride  obtained,  Meyer  finds 
in  mean  M  =  95.92 ;  extreme  difference,  1.87  for  0  =  15.96. 
By  comparing  the  amount  of  disulphide  with  that  of  argen- 
tic chloride,  M  ^  95.75 ;  extreme  difference,  1.35.  By  com- 
paring the  amount  of  chloride  analyzed  with  the  amount  of 
disulphide  obtained  for  one  analysis  of  tetrachloride  and 
two  analyses  of  pentachloride,  he  gets  M  =  95.94 ;  extreme 
difference,  2.15.     The  general  mean  is  M  =  95.86 ;  extreme 
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difference,  2.16.  Ag  =  107.66;  8=^31.98;  01  =  35.37; 
0  =  15.96.  The  specific  gravities  of  the  chlorides  not  hav- 
ing been  determined,  the  weighings  are  not  reduced  to 
vacuum.  The  pentachlorido  was  prepared  from  M  by  heat- 
ing it  in  a  current  of  CI  entirely  free  from  air.  The  metal 
had  been  freed  from  oxide  by  heating  in  an  atmosphere  of 
HCl.  By  moderate  heating  of  the  pentachloride  in  dry  H, 
and  by  distilling  pentachloride  over  the  product  in  dry 
carbon  di-oxide,  the  trichloride  is  obtained.  The  trichlo- 
nde  heated  in  carbon  di-oxide  is  decomposed  into  tetrachlo- 
ride and  di-chloride,  which  latter  must  be  purified  with 
warm  dilute  nitric  acid.  {Liebig's  Ann.,  169,  1874  360 
344.)  ' 


NICKEL. 


Kegnault  has  determined  the  specific  heat  of  nickel.  It 
corresponds  to  an  atomic  weight  of  about  59.  {Gmelin- 
Kraut,  I.  c.) 

E.  Eothoff;  59.09  (0  =  16);  369.333  (0  =  100). 
Eothoff  converted  188  parts  of  oxide    into    chloride,  a 
neutral  solution  of  which  gave  718.2  parts  argentic  chlo- 
ride.     If  01=221.64,  Ag=  1349.66,  the   value   follows. 
{Berzelius'  Lehrbuch,  S,  1221.) 

P.  Berthier. 

Lassaigne  having  announced  the  atomic  weight  of  nickel 
at   500,    {Schweigger's   Jahrbuch,    9,    108,)    Berthier    re-ex- 
amined the  subject  and  found  Rothoff's  number  confirmed 
f-n-'^relius'  Jahresbencht,  6,  1826,  148;  Annal.  de  Chim.  etde 
.,  m,  1824,  148.) 

Eedmann  and  Maechand  :  SS.S  (0  =  16)-  365  9  fO 
=  100).  /  ■    >. 

Determined  "  with  ail  precaution  "  by  the   reduction  of 
the  oxide  with  hydrogen.     The  results  varied  from  29.1  to 
29.3,  but  Erdmann  has  reason  to  believe  the  smaller  number 
the  more  accurate.     (M-dmann's  Joum.    fUr  Frak    Ckem 
55,1852,202.)  "^  ' 


^, 
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H.  Saihte-Claikg  Dbvillb  : 

100  parts  fused  nickel,  containing  three-tenths  per  cent, 
silicon  and  one-tenth  percent,  copper, gave  262  parts  anhy- 
drons,  yellow  nickel  sulphate,  "  correspondmg  to  the  atomic 
weight  as  given  by  Beraolius."  {Annal.  de  Ohm.  et  *  rHi/s., 
(3,)  i6,  1866, 182.) 

R.  Schmidbb:  58.05(0=16);  362.8(0=100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
boa  determinations  were  made  by  the  ordinary  method  ot 
organic  analysis,  because  some  hydrocarbon  forms  when 
the  salt  is  decomposed  by  heat  alone.  The  metal  was  de- 
termined by  heating  a  known  weight  of  the  salt  first  m  air 
and  then  in  a  current  of  oxygen,  and  sobseqaent  reduction 
bv  hydro.'en.  In  the  preparation  of  the  salt  the  usual  pre- 
cipitate with  ammonium  sulphide  was  washed  with  dilute 
chlorhydric  acid,  and  the  cobalt  separated  with  barium  car- 
bonate and  chlorine.  From  the  nickel  salt  obtained  the 
oxalate  was  precipitated  with  oxahc  acid.  The  number  18 
the  mean  of  four  analyses;  extreme  difference,  0.082  for  O 
=  8.     {Foggmil.  Ann.  101, 185V,  396.) 

0.  Mabionao  :  69  (0  =  16). 
Marignac  made  two  analyses  of  the  sulphate  by  decom- 
posing the  salt  by  heat.  The  decomposition  is  perfect.  To 
avoid  errors  arising  from  possible  reduction  of  a  portion  ot 
the  oxide,  it  was  moistened  with  nitric  acid,  and  recalcined 
at  a  moderate  temperature.  The  results  obtained  were  til 
=  29  2  and  29.5.  The  sulphate  was  purified  by  recrystalli- 
zation.  He  also  made  experiments  on  the  chloride  by  titra- 
tion with  argentic  nitrate,  according  to  Pclouze  s  modifica- 
tion of  Gay-LuBsac's  method.  Three  such  analyses  gave 
from  29.4  to  29.5.  In  one  experiment  he  also  evaporated 
the  nickel  nitrate,  after  filtering  off  the  argentic  chloride, 
and  converted  it  into  oxide  by  heat.  This  experiment  gave 
Ni  =  29  64  The  chloride,  whether  It  be  distilled  or  cal- 
cined with  ammonium  chloride,  is  apt  to  leave  an  insoluble 
residue  the  weight  of  which  must  be  deducted.  .  S  =  16; 
Ag  =  108 ;  01  =  36.5.  {Bibl.  Umv.  Arch,  des  Sciences,  (2,) 
1,  1858,  375.) 

,T.  Dumas;  69.028  (0  =  16). 
The  number  is  the  mean  result  of  five  experiments  on 
the  titration  of  the  chloride  with  argentic    nitrate ;    ex- 
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trome  difference  0.08.  Ag  =  108;  01  =  36.5.  In  three 
cases  the  nickel  chloride  was  prepared  by  dissolving  fused 
nickel  in  aqnia  regia,  repeated  eTaporation  to  dryness  with 
aoi,  and  heating  for  from  twelve  to  twenty-four  hours  in  a 
current  ol  HCl  gas.  In  two  cases  it  was  produced  by  pass- 
ing a  current  of  chlorine  over  spongy  nickel.  The  chloride 
analyzed  was  crystalline  and  volatile  without  residue. 
(Annal.  de  Ohm,  el  de  Plit/s.,  (3,)  SS,  1869,  149.) 

E.  ScHKEIDER :  58.058  {O  =  16). 
In  consequence  of  Marignao's  criticism  (that  as  nickel 
oxalate  is  insoluble  it  cannot  be  purified  by  recrystalliza- 
tion)  bohneider  repeated  his  former  determination,  making 
special  tests  for  oxalic  acid,  sodium,  and  chlorine,  with  the 
above  result.     {Poggend.  Ann.,  107,  1869,  616.) 

W.  J.  Russell  :  58.738  (0  =  16  ). 

Determined  from  the  mean  of  thirteen  experiments  on 
the  reduction  of  the  oxide  in  hydrogen.  Extreme  differ- 
ence, 0.12  for  0  =  16.  The  oxide  was  prepared  from  three 
specimens  of  commercial  nickel,  which  were  first  converted 
into  pure  oxalate  and  then  into  nitrate.  The  oxide  was 
obtained  by  decomposing  the  nitrate  by  a  very  strong  heat 
{Jmrn.  Chan.  Soe.,  (2,)  1,  1863,  61.)  s      •'■ 

Schneider  remarks  that  a  portion  of  the  oxide  analyzed 
may  have  been  reduced  during  the  process  of  decomposing 
the  nitrate  {Poggmd.  Ann.,  ISO,  1867,  310.)  Mari»nac 
points  out  the  same  danger.  (BU.  Unw.,  Ardi.  dea  SciSices, 
\^,)  1,  374.) 

E.  VON  SOMMARUGA  ;  58.026  (0  =16). 
Determined  from  the  amount  of  barium  sulphate  obtained 
by  precipitating  the  double  sulphate  of  nickel  and  potassium 
with  barium  oTiloride.  The  number  is  the  mean  of  six 
experiments;  extreme  difference,  0.168  for  0  =  8  S  =  16- 
Ba  [no  doubt]  =  68.6 ;  K  =  39.2.  The  salt  was  prepared 
by  solution  of  commercial  nickel  in  sulphuric  and  nitric 
acid,  adding  potassic  sulphate  to  the  solution,  and  repeatedly 
recrystalhzmg  the  double  sulphate.  {Erdmmm's  Jmrn.  Mr 
Prak.  Chem.,100, 1867, 116 ;  SUt.-Ber.  dtr  i.  L  Atud,  1866.) 

C.  Winkler  :  69.05  {0  =  16). 
Determined  by  the  amount  of  gold  precipitated  from  a 
solution  of  neutral  crystallized  potassium  chloro-aurale  by 
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a  known  weight  of  nickel.  The  number  ia  the  mean  of 
four  experiments;  extreme  difterence,  0,186  for  0^=16, 
Au  =  196.  The  nickel  was  prepared  as  follows  ;  commer- 
cial nickel  carbonate  was  dissolved  in  chlorhydric  acid, 
cobalt  was  repeatedly  precipitated  with  sodium  hypochlo- 
rite, copper,  etc.,  were  removed  with  hydrogen  sulphide, 
the  nickel  was  precipitated  with  sodium  carbonate,  the  pre- 
cipitate dissolved  in  chlorhydric  acid,  the  chloride  sublimed 
and  reduced  in  a  current  of  hydrogen.  {Fresenius'  Zeitsch., 
6,  1867,  22.) 

W.  J.  Russell  :  58.76  (0  =  16). 
.     Determined  by  the  amount  of  hydrogen  set  free  by  solu- 
tion of  nickel   in   chlorhydric  acid.     The  nickel  was  that 
obtained  in  Russell's  former  determination  of  the  atomic 
weight  of  nickel.     {Chem.  News,  SO,  1869,  20.) 

R.  H.  Lbb:  58.01  (0  =  16). 
Determined  by  analyses  of  nickel  cyanide  salts.  They 
were  decomposed  in  a  platinum  crucible  by  heat  from  above. 
The  carbon  separated  out  was  burned  off  first  in  air  and 
then  in  oxygen.  The  metallic  oxide  was  reduced  in  a  cur- 
rent of  hydrogen.  The  mean  of  six  experiments  on  the 
strychnine  salt  gave  Ni  =  58.04.  The  mean  of  six  experi- 
ments on  the  brueine  salt  gave  Ni  =  57.98.  The  salts  were 
purified  by  recrystallization.  {Berlin.  Bericht  der  Chem. 
Ges.,  ^,  1871,  790,) 


The  vapor  density  of  the  chloride  and  of  the  oxychloride, 
as  determined  by  Deville  and  Troost,  places  the  atomic 
weight  at  about  94.     {Paris  Comptes  Bend.,  66,  1863,  891.) 

H.  EosE :  WB  (0  =  16). 
Rose  deduced  the  atomic  weight  of  niobium  from  analy- 
ses of  what  he  supposed  to  be  the  tetrachloride,  determin- 
ing the  niobium  as  niobic  acid,  and  the  chlorine  as  argentic 
chloride.  The  results,  which  varied  greatly,  indicated  the 
value  97.64.  [Marignac  having  proved  that  the  salt  is  a 
pentachloride,  this  number  becomes  122,]  Marignac  showed 
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that  Rose  dealt  with  a  compound  containing  a  large  amount 
of  the  correepondiiig  tantalium  chloride.  {Foggend.  Ann., 
104,  1858,  439.) 

Rose;  Rammblsberg  :  94  (0  =  16). 
Rose  analysed  the  oxychloride,  but  did  not  recognize  it 
as  an  oxychloride.  Rammelsberg  calculated  the  atomic 
weight  from  Rose's  figures  and  found  that  the  highest  chlo- 
rine contents  corresponds  to  an  atomic  weight  of  94, 
Rose's  salt  must  have  been  nearly  pure  as  there  is  no  cor- 
responding tantalium  compound.  {Poggend.  Ann.,  136, 
1869,  353.) 

R.  Hermann:  104.8  (0^16). 
Hermann  deduces  this  value  from  analyses  of  a  number 
of  chlorides  and  sodium  salts.  The  formulas  which  he 
gives  these  compounds  are  complicated,  unlikely,  and  un- 
supported by  evidence.  Marignac  has  shown  that  Her- 
mann's salts  contained  tantalium.  {Erdmann's  Jovm.  fur 
Pralc.  Chem..,  68,  1856,  73.) 

C.  AV.  Blomstrand:  95  (0  =  16). 

Blomstrand  made  three  determinations  of  the  chlorine 
contents  of  the  pentachloride,  getting  64.712  per  cent.,  ex- 
treme difference,  0.32.  He  also  made  eleven  determina- 
tions of  the  niobium  in  the  same  compound,  weighing  it  as 
niobic  acid.  100  chloride  gave  in  mean  49.794  acid.  The 
atomic  weight  calculated  from  the  chlorine  contents  is 
96.67;  from  the  niobic  acid,  96.16.  Blomstrand  also  made 
experiments  on  sodium  niohate  which  led  him  to  the  con- 
elusion  that  the  most  probable  number  is  95.  {Gmelin- 
Kraut,  S,  part  2,  73  ;  Acta  Univ.  Lund.,  1864.) 

C.  Marignao:  94  (0  =  16). 

Determined  from  a  number  of  analyses  of  potassium 
fluoniobate  containing  two  atoms  of  potassium.  The  com- 
pound was  decomposed  by  sulphuric  acid  with  which  it 
was  evaporated  to  dryness.  The  residue  was  leached  with 
water,  the  filtrate  evaporated  and  the  potassic  sulphate 
melted  and  weighed.  The  sulphuric  acid  remaining  with 
the  niobic  acid  was  driven  off  by  heat  and  the  acid  weighed. 
The  salt  being  readily  soluble  and  crystallizing  well,  can 
easily  be  purified  from  all  substances  except  titanium  which 
Marignac  knows   no   way  of   separating   or   determining. 
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The  larger  the  amount  of  titanium  present,  the  iower  will 
the  atomic  weight  be ;  Marignae  therefore  takes  the  highest 
value.  {Liebig's  Ann.,  S.  4,  334,  288,  338;  Bibl.  Univ., 
Arch,  des  Saiences,  S3,  1865,  S5,  1866.) 


Regnault  has  determined  the  specific  gravity  of  nitrogen. 
It  indicates  an  atomic  weight  slightly  above  14.  {Gmelin- 
Kraut,  I.  c.) 

BiOT   and   Arago;     Wollaston  :    14-.03   (0^16); 
87.7  (0  =  100). 

Biot  and  Arago  found  the  specific  gravities  of  N"  and  II 
0.96913  and  0.07321.  If  H  ^  13.27  the  value  follows. 
[This  very  accurate  value  is  of  course  the  result  of  two 
compensating  errors.]     {Phil.  Trans.,  10^,  1814,  20.) 

J.  J.  Berzblius;  U.163{0  =  X^y,  88.518(0=100). 

Calculated  from  the  specific  gravity  as  determined  by 
Berzelius  and  Dulong,  compared  with  that  of  oxygen.  By 
decomposing  the  nitrate  of  lead  by  heat,  Berzelius  also 
found  ]SI=  88.61  for  Pb -- 1294.498.  (Foqgend.  Ann.,  8, 
18-26,  14.) 

E.  Turner:  14.15  (0  =  16). 

Determined  by  experiments  on  the  nitrates  of  lead,  silver, 
and  bariujn,  which  were  precipitated  with  sulphuric  and 
hydrochloric  acids,  and  gave  respectively  N"  —  14.201 ; 
14.09;  14.17;  if  Pb  =  103.6;  Ba=:68.7;  01  =  35.42;  S 
=  16.085;  the  weighings  being  reduced  to  vacuum.  The 
salts  were  purified  by  recrystallization.  Turner  recom- 
mends more  direct  methods.     {Phil.  Trans.,  1S3, 1833,  537.) 

T.  Thomson:  U  (0^  16). 

From  the  hypothesis  that  air  is  a  compound  containing 
four  parts  of  N  and  one  part  oxygen,  and  from  the  average 
of  various  selected  determinations  of  the  specific  gravity  of 
oxygen,  Thomson  concludes  the  specific  gravity  of  oxygen 
is   1.1111,  and   that  of  N   0.9722.     These  numbers  stand 
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to  one  another  as  16  to  14.  {Erdmann's  Journ.  fur  Prak. 
Ckem.,  8,  1886,  375;  Records  of  General  Science,  by  B.  D. 
Thomsm,  1836,  179.) 

F.  Pennv:  14.018  (0:^16). 

Erom  the  mean  of  three  series  of  experiments  (vide 
Penny's  determination  of  potassium)  it  fohowa  that  100 
potassic  chloride  =  13.5.636  potassie  nitrate.  Penny  fonnd 
the  molecular  weight  of  KCl  ^  74.527  ;  hence  the  difierence 
between  a  chloride  and  a  nitrate  is  26.560,  Similar  experi- 
ments were  made  on  the  sodium  salts.  In  four  experiments 
100  sodium  chlorate  were  found  =  54.930  chloride  ;  extreme 
difference,  0.02.  In  three  experiments,  100  sodium  chlo- 
rate were  found  =  79.882  sodium  nitrate;  extreme  differ- 
ence, 0,015.  In  six  experiments  100  sodium  nitrate  were 
found  =  68.771  chloride;  extreme  difference,  0.013,  In 
seven  experiments  100  chloride  were  found  ^  146.416 
sodium  nitrate;  extreme  difference,  0.016.  These  data 
give  sodium  chloride  ;=  58.5,  and  the  nitrate  =  85.068,  or 
the  difference  between  a  chloride  and  a  nitrate  =^26.568. 
Penny  found  01  =  35.454.  If  NO^  -  CI  =  26.664,  N  = 
14.018.  Weighings  for  vacuum.    {Phil.  Trans.,  1B9, 18^9,25.) 

L.  SvANBERG  :  13.91  (O  =  16). 

Determined  by  four  experiments  on  the  decomposition  of 
plumbic  nitrate  by  beat  which  gave  a  mean  of  67.4016  per 
cent,  oxide ;  extreme  difference,  0.0087.  [If  Pb  =  206.926 
(Stas)  the  value  follows.]     {Berzelius'  Jahresbericht,  SS,  1842, 


C.  Marignac:  U.Oa  (0  =  16);  87,625  (0  =  100). 
Marignac  made  five  experiments  by  disaolvinjr  a  known 
weight  of  silver  in  nitric  acid  and  melting  and  weighing 
the  nitrate  formed.  The  silver  carried  out  of  the  retort  by 
the  vapors  was  precipitated  and  determined.  The  mean 
result  was  that  100  silver^  157.430  nitrate;  extreme 
difference,  0.046;  or,  if  Ag  =  1349.01,  N  =  87.535.  Six 
experiments  were  made  by  the  decomposition  of  a  known 
weight  of  argentic  nitrate  with  a  known  weight  of  potassie 
chloride  by  Pelouze's  method.  Mean,  100  KCl  =  227.986 
argentic  nitrate ;  extreme  difference,  0.18,  This  gives  N  = 
87.685  if  K  =  488.94  and  01  =  443.2.  Seven  experiments 
by  the  same  method  showed  that  100  silver  dissolved  in 
nitric  acid  ^  49.522   ammonium  chloride  ;  extreme  differ- 
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ence,  0.063;  Hence  K=:  87.655.  The  weighings  are  re- 
duced to  vacuum.  [Berzelius'  Jahresbericht,  ^4,  1842,  44; 
BM.  Univ.  de  Geneve,  4.6,  1842,  363.) 

T.  Anderson  :  1S.95  (O  =  16);  87.204  (O  =  100). 

Determined  by  four  experiments  on  the  decomposition 
of  plumbic  nitrate  by  heat  at  a  sufficiently  low  temperature 
to  permit  of  complete  decomposition.  The  number  is  the 
mean;  extreme  diflerence,  0.198  for  0=100.  Pb  = 
1294.5.     (Annal  de  Chim.  et  de  Phys.,  (3,)  9, 1843,  254.) 

J.  Pelouze:  U.OU  (0  =  16);  87.59  (0  =  100). 

A  known  weight  of  argentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  ammo- 
nium chloride  and  the  excess  titrated  with  silver  solution. 
One  experiment  gave  N  =  175.58 ;  a  second  gave  N  = 
174.78.  Ag  =  1349.01 ;  01  =  443.2.  The  ammonium 
chloride  was  poriiied  bv  sublimation  and  reerystallization. 
{Paris  Comptes  Send.,  30,  1845,  1047.) 

P.  EiNBRODT  :  U[0  =  16);  87.5  (0  =  100). 

Experiments  on  the  decomposition  of  plumbic  nitrate  by 
heat  gave  N  =  87.5  plus  a  vanishing  quantity  if  Pb  = 
1294.2239.     [Leibig's  Ann.,  70,  1849,  286.) 

J.  Dumas  :  14  (0  =  16). 

Determined  by  experiments  on  the  combustion  of  ammo- 
nia and  cyanogen.  Particulars  not  given.  0  =  6;  H  :=  1. 
{Annal.  de  Chim.  et  de  Phys.,  (3,)  55,  1859,  134.) 

J.  S.  Stas  :  14.044  (0  =  16). 
Stas  made  seven  determinations  of  the  relation  between 
silver  and  its  nitrate  by  dissolving  pure  silver  in  nitric  acid, 
evaporating  to  dryness  and  keeping  the  salt  melted  until 
there  was  no  further  loss  of  weight.  In  two  of  these  experi- 
ments the  salt  was  melted  in  vacuo.  The  mean  result  was 
that  100  Ag  =  157.472  nitrate ;  whence  N"  =  U.04.0.  Later 
Stas  made  two  more  experiments  by  the  same  method  with 
all  possible  precautions  to  secure  accuracy.  These  gave  100 
Ag  =  157.484  nitrate  and  N  =  14.042.  By  the  conversion 
of  the  chlorides  of  potassium,  sodium,  lithium  and  silver 
into  nitrates,  Stas  found  the  difference  between  a  chloride 
and  a  nitrate  26.5882.     This  gives  K  =  14.045.     The  weigh- 
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inga  are  reduced  to  vacuum.     CI  =  35.457;  Ag  =  107.9 
{Stas,  Unters.  ilber  Chem.  Prop.  Leipzig,  1867.) 


Kegnault  has  determined  the  specific  heat  of  osraium.  It 
corresponds  to  an  atomic  weight  of  about  199.  (Gmelin- 
Kraut,  I.  c.) 

J.  J.  Bekzblius  :  199.0/^  (0  =  16). 

Berzelius  analyzed  potassium  chloro-oamate  by  reduction 
in  a  current  of  hydrogen  and  solution  of  the  potassium 
chloride  from  the  residue.  1.3165  grammes  of  the  double 
salt  lost  0.3805  in  reduction  and  the  residue  wae  composed 
of  0.401  potassium  chloride  and  0.535  oemium.  The  atomic 
weight  may  be  calculated  either  from  the  chlorine  lost  or 
from  the  relation  of  the  chloride  to  the  metal  io  the  residue. 
Berzeliua  preferred  the  latter  as  more  probably  accurate. 
[If  K  =  39.137;  CI  =  35.457  (Stas;)  this  relation  gives 
199.04.]  According  to  W.  M.  "Watts,  (Chem.  News,  19, 
302)  the  loss  of  chlorine  gives  for  Stas's  values  Os  ^=  199.42. 
Hyperosmic  acid  wae  separated  from  iridium  compounds  by 
distilling  at  a  gentle  heat.  The  first  portion  is  perfectly 
pure.  The  metal  was  precipitated  from  ehlorhydric  acid 
solution  of  hyperosmic  acid  by  mercury  and  subsequently 
purified  by  heating  in  a  current  of  hydrogen.  Potassium 
ehloro-osmate  was  formed  by  heating  comminuted  metal 
and  KCi  in  a  current  of  chlorine.  [Poggend.  Ann.,  IS,  1828, 
530  ;  Kongl.  Vet.  Acad.  HandL,  1828.) 

E.  Feemy  :  199.65  (0  =  16) ;  1247.8  (0  =  100). 

Pure  osmium  was  burned  in  a  current  of  oxygen  and 
the  fumes  led  over  potassic  hydrate,  by  which  they  are 
absorbed.  An  additional  potash  tube  did  not  increase  in 
weight.     Corks  were  avoided.     Number  of  experiments  not 

5iven.     {M-dmann's  Joum.  fur  Prak.  Chem,.,  SS,  1844,  409; 
ourn.  de  Pharm.  el  Ckim.,  1844,  241.) 

Devillb  and  Bbbray  :  198  (O  =  16). 

These  chemists  determined  the  vapor  density  of  hyper- 
osmic acid  by  Dumas'    method,  finding   it    8.89  at   246°, 
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and  8.87  at  286°.  They  hence  consider  it  probable  that 
the  atomic  weight  of  osmium  ia  the  Bame  as  that  of  plati- 
num. The  acid  was  very-pure  and  was  prepared  by  the 
combustion  of  metallic  osmium  in  oxygen.  {Paris,  Oomptes 
^erto'.,ii,  1857,  1101.} 


The  atomic  weight  of  oxygen  is  assumed  at  16  for  the 
tsons  stated  under  hydrogen,  q.  v.  If  hydrogen  is  taken 
unity,  0  =  15.96. 


PALLADIUM. 

Regnault  determined  the  specific  heat  of  palladium.  It 
corresponds  to  an  atomic  weight  of  about  106.  (Gmelin- 
Kraut,  I.  c.) 

3.  J.  Bbrzelius;  106.51  (0  =  16). 

In  his  earliest  determinations  of  this  constant,  Berzelius 
saturated  the  metal  with  sulphur,  getting  about  711  for  S 
=  201.165;  and  decomposed  the  chloride  with  mercury, 
getting  704.  [711  appears  to  be  a  misprint  for  714.618  the 
number  given  with  corresponding  data  at  Poggend,,  8,  180.] 
In  this  investigation  a  known  weight  of  potassium  ehloro- 
palladate  was  reduced  in  a  current  of  hydrogen,  the  weight 
of  the  residue  determined,  the  potassium  chloride  leached 
from  the  residue  and  the  metallic  palladium  weighed.  The 
double  salt  was  strongly  heated,  but  not  to  fusion,  in  a  current 
of  dry  air  before  weighing.  It  being  impossible  to  desiccate 
this  and  the  similar  platinum-metal  salts  completely  with- 
out decomposition,  the  atomic  weight  was  calculated  from  the 
relation  between  the  metal  and  the  ECl.  Berzelius  found 
0.575  Pd  =  0.809  KCl,  and  0.851  Pd  =  1.192  KCl.  [If  ECl 
=  74.594  (Stas)  the  former  gives  Pd  =  106.036,  the  latter 
106.509.]  Berzelius  had  reason  to  consider  the  latter  analy- 
sis the  more  accurate.  {Poggend.  Ann.,  13,  l^^ii,^^^;  Kongl. 
Vet.  Acad.  Handl,  1828.) 
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PHOSPHORUS. 

The  specific  heat  of  this  element,  as  well  as  the  density 
of  phosphorus  and  its  numerous  volatile  compounds  in  the 
gaseous  state,  corresponds  to  an  atomic  weight  slightly 
above  81.     {Gmelin-Kraut,  I.  c.) 

V.  Rose;  F.  H.  "Wollaston  :  S5.1  (0  =  16). 

Wollaston  adopted  the  analysis  of  Eose,  who  found  that 
phosphoric  anhydride  contained  53.28  per  cent,  oxygen  and 
46-72  per  cent,  phosphorus.  [This  relation  gives  the  above 
value.]     (Phil.  Trans.,  IO4,,  1814,  20.) 

J.  J.  Beezelius:  31.S^6  (0  =  16). 

Berzelius  made  experiments  on  the  reduction  of  auric 
chloride  and  of  argentic  sulphate  by  phosphorus.  His  re- 
sults were  0.8116  P  ==  13.98  Ag;  0.829  P  —  8.714  Au; 
0.754  P  ^  7.93  Au,  [Thefirst  of  these  analyses  is  misprinted 
in  the  original  memoir  (Gilbert's  Ann.,  S3,  433).]  In  the 
Lehrbueh  it  is  miscalculated  as  Ruecker  has  shown.  Ber- 
zelius preferred  deducing  the  atomic  weight  of  P  from  that 
of  silver,  because  the  atomic  weight  of  the  latter  was  more 
accurately  known  than  that  of  g«ld.  [If  Ag  =  107.93,  the 
data  give  P  =  31.325,  for  Au  =  196.67  the  latter  analyses 
give  P  ^=  31.176  and  31.165J  In  all  the  experiments  the 
precipitated  metal  was  boiled  with  the  solution  when  the 
reduction  was  nearly  complete.  A  trace  of  gold  was 
observed  to  precipitate  after  the  experiments  were  over. 
The  silver  was  heated  to  redness  before  weighing.  [J.  P. 
Cooke,  Jr.,  has  shown  (atomic  weight  of  antimony)  that 
silver  is  volatile  at  a  red  heat.  Beraelins  must  therefore 
have  got  too  large  a  result.]  The  phosphorus  was  distilled, 
melted  in  a  glass  tube  and  cooled  very  slowly,  to  permit 
traces  of  oxides  to  rise  to  the  surface,  and  the  lower  portion 
of  the  tube  with  the  phosphorus  broken  off  and  instantly 
weighed.  (Gilbert's  Ann.,  53,  1816,  433,  and  Lehrbueh  3, 
1188.) 

J.  Pelouzb  :  S3.0U  (0  =  16) ;  200.15  (0  =  100). 

A  known  weight  of  argentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  phos- 
phorous chloride  and  the  excess  titrated.  The  number  of 
experiments   is   not   given.      Ag  =  1349,01 ;    CI  =  443.2. 
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The  terchloride  was  prepared  by  chloridiziug  finely  divided 
P  with  dry  chlorine,  adding  finely  divided  P,  decanting, 
agitation  with  tin  amalgam  and  rectification  over  the  same. 
The  fluid  was  colorless  and  did  not  give  any  precipitate 
with  water.     {Paris,  Comptes  Bend.,  W,  1845,  1047.) 

V.  A.  Jacquelin  :     S9.83  (0  =  IC) ;  186.438  (0  = 
100). 

Determined  by  experiments  on  the  chlorides  of  phos- 
phorus with  argentic  nitrate  and  plumbic  oxide.  Tlie  re- 
eulta  are  utterly  discordant.  (Paris,  Com.pks  Bend.,  SS, 
1851,  693.) 

A.  SCHROBTTER  ;  31.0274  (0  =  16). 

Determined  by  burning  perfectly  pure  amorphous  phos- 
phorus ill  dry  oxygen  and  weighing  the  phosphoric  anhy- 
dride. The  number  is  the  mean  of  10  experiments  ; 
extreme  difterence,  0.1242.  Previous  to  burning,  the  phos- 
phorus was  heated  for  a  long  time  in  carbon  di-oxide  or 
hydrogen.  It  was  burned  not  in  powder  but  in  lumps. 
(ijrdmann's  Joum.  fur  Prak.  Chem.,  53,  1851,  435;  Siiz.- 
Bericht  der  k.  k.  Akad.,  185].) 

B.  G.  Brodie  :  31.31  (0  =  16). 

Three  experiments  made  by  oxidation  of  phosphorus 
with  aqua  regia  and  determination  as  magnesium  pyrophos- 
phate gave  this  mean,  Brodie  seems  to  regard  these  deter- 
minations only  as  evidoneo  that  the  atomic  weight  needs 
redetermination.     {Journ.  Chem.  Soc,  5,  1852,  295.) 

J.Dumas:  31.03  (0  =  16). 

Determined  by  five  experiments  on  the  titration  of  the 
terchloride  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  the  action  of  dry  chlorine  on  amorphous  phos- 
phorus and  distillation  after  the  chlorine  had  been  displaced 
by  carbon  di-oxide.  The  portion  distilling  between  76° 
and  78°  only  was  used.  The  number  is  the  mean  of  the 
results;  extreme  difl'erenee,  0.08.  Ag  =  108;  01  =  35.5. 
{Annal.  de  Chiru.  etde  Phys.,  (3,)  55,  1859,  172.) 
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ATOMIC    WEIGHT    DBTEEMINATIOXS. 


Eegnault  and  Kopp  have  determined  the  specific  heat  of 
platinum.  It  answers  to  an  atomic  weight  of  about  197. 
{Gmelin-Kraut,  I.  c.) 

J.  J.  Berzelius  :  197.19  (0  =:  16). 

Determined  by  the  same  method  as  osmium,  q.  v.,  from 
a  single  experiment  on  potassium  auroplatinate.  2.135 
potassium  chloride  accompanied  2.823  platinum.  [If  KCl 
=  74.594  (Stas,)  this  gives  the  above  value.]  ■  The  salt  was 
prepared  by  precipitating  an  alcoholic  solution  of  platinum 
chloride  with  potassium  chloride,  washing  with  alcohol  and 
heating  to  redness  in  a  current  of  chlorine.  Berzeiius  re- 
marks that  the  metal  used  in  his  former  determinations 
was  impure.  {Poggend.  Ann.,  13,  1828,  468,  and  Lekrbueh, 
3,  1213.) 

T.  AsDREWs  :  197.88  (0  ^  16). 

Determined  hy  three  experiments  on  potassium  ehlo- 
roplatinate.  The  salt  was  dried  at  105°  in  vacuo,  decom- 
posed bj  zinc,  the  excess  of  zinc  removed  by  acetic  acid, 
the  solution  filtered  off,  and  the  chlorine  titrated.  The 
number  is  the  mean ;  extreme  difference,  0.22.  The  values 
assumed  for  Ag  and  C!  are  not  given.  They  were  most 
likely  Marignac's.     {Brit.  Assoc.  Sep.,  1852,  part  2,  38.) 

J.  S.  Stas  made  preparations  for  determining  the  atomic 
weight  of  platinum,  but  not  being  able  to  produce  potas 
sium  chloroplatinate  entirely  free  from  water,  and  being 
unacquainted  with  Bunsen's  method  of  accomplishing  this 
end,  resigned  the  attempt.  He  made,  indeed,  three  analy- 
ses by  the  same  method  employed  by  Berzelius,  but  un- 
fortunately does  not  communicate  the  results.  {Sias,  Unter- 
such.  iiber  Ohem.  Prop.,  Leipzig,  1867,  265.) 


POTASSIUM. 


Regnault  determined  the  specific  heat  of  potassium.     It 
corresponds  to  an  atomic  weight  of  about  3r      '"     ■■ 
Kraut,  l.  c.) 
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M.  H.  Elaproth  ;  F.  H.  Wollaston  :  39.517  (0  = 
16). 

Kiaproth  found  that  441  Ci  ^  591  potassium  oxide. 
Hence  'Wollaaton  deduced  the  value  491  (0  —  100)  for 
K  pf  01  =  35.457,  this  relation  gives  £  =  39.51 7.]  {Phil. 
Trans.,  10^,  1814,  20.) 

J.  J.  Berzelius  :    39.193  (0  =  16)  ;  244.958  (0  = 
100). 

Berzelius  found  that  100  KCl  =  192.4  Ag  01.  If  Ag  = 
1351.607;  01=442.65;  the  above  value  follows.  [Foggemd. 
Ann.,  8,  1826,  190.) 

F.Penny:  39.073  (0  =  16). 

Penny  made  six  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride.  Potasaic  chlorate  was  dried  at 
about  105°,  dissolved  in  a  flask  with  HCl,  evaporated,  dried 
and  weighed.  The  cake  contained  some  free  HCl.  It  was 
broken  up,  pulverized,  and  a  known  quantity  heated  to  dull 
redness  but  not  to  fusion,  and  the  HCl  expelled  allowed  for. 
The  mean  result  was  that  100  KCl  0,  =  60.823  KCl ;  ex- 
treme difterence,  0.015.  This  relation  gives  KCl  =  74.527 
and  if  CI  =  35.454  (Penny,)  the  value  for_K  follows. 
Numerous  experiments  wore  also  made  on  the  introconver- 
sion  of  the  nitrate,  the  chloride  and  the  chlorate,  which 
established  the  difference  between  a  chloride  and  a  nitrate, 
besides  confirming  the  value  of  K.  The  salts  were  purified 
bv  reervstallization  and  were  carefully  tested  for  impurities. 
The  weighings  are  all  for  vacuum.  {PMl.  ^ans.,  IW,  1839, 
18.) 

C,  Marigbac  :  39.^  (O  =  16);  245  (0  =  100). 

By  six  experiments  on  the  decomposition  of  the  chlorate 
by  heat,  100  chlorate  were  found  to  lose  39.161  oxygen ; 
extreme  difterence  0.012  ;  hence  KCl  =  932.14.  By  com- 
paring this  value  with  the  molecular  weight  and  the  compo- 
sition of  argentic  chloride,  01  was  calculated  at  442.13,  leav- 
ing for  K  the  number  490.  Confirmatory  experiments  were 
made  on  potassic  perchloride.  The  chlorate  was  purified  by 
recryetallization.  The  weighings  are  for  vacuum.  {IMiig's 
Ann.,  U,  1842,  23.) 
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100  ATOMIC    WEIGHT    DETERMISATIONS. 

C.  Marignac:   39.115  {0  =  1G);   244.47  (0  =  100). 

Having  determined  the  atomic  weight  of  chlorine  from 
syntheses  of  argentic  chloride,  and  found  it  443.2,  the 
molecular  weight  of  KCl  in  the  last  determinatioa,  gives 
K  =  244.47,  tor  vacuum.  Berzeliua,  by  rejecting  some 
analyses  and  the  correction  for  vacuum,  deduces  the  value 
244.429.  {Berzelius'  Jahresberisht,  S5,  1845,  31 ;  BM.  Univ. 
de  Gen&ve,  46,  1M2,S50.) 

J.  Pelodze:  39.144  {0  =  16);  244.65  (O  =  lOO). 

A  known  weight  of  KCl  was  brought  into  contact  with  a 
known  amount  of  silver  dissolved  in  nitric  acid,  the  chlo- 
ride being  slightly  in  excess.  This  excess  was  titrated  with 
a  decimal  eolation  of  silver.  The  number  is  the  mean  of 
three  experiments.  Ag  =  1349.01;  01  =  443.2.  The  chlo- 
ride was  prepared  by  heating  the  chlorate  and  reeryetalliz- 
ing  the  residue.     {Paris  Cowptes  Bend.,  SO,  1845,  1047.) 

According  to  Pelouze,  Levol  found  the  molecular  weight 
of  KCl  466.245,  which  combined  with  Marignac's  value  of 
CI  would  give  K  =  244.645  or  39.143.     [Ibid.) 

E.  J.  Maumenr:    38.96    (0=16);    243.502    (0  = 
100.) 

The  mean  of  three  experiments  on  the  decomposition  of 
KCl  with  an  excess  of  argentic  nitrate  showed  that  100 
KCl  =  192.75  AgCl.  If  Ag  =  1350.32  and  01=443.67, 
according  to  Maumene's  determinations,  the  number  fol- 
lows. The  KCl  was  prepared  from  the  chlorate  by  heat. 
To  confirm  his  values  for  K  and  01,  he  made  seven  experi- 
ments on  the  decomposition  of  the  chlorate  by  heat,  and 
found  that  100  chlorate  gave  60.791  chloride.  An  unac- 
counted for  increase  in  the  weight  of  the  flask  occurred  in 
those  experiments.  {Annul,  de  Chim.  et  de  Phys.,  (3,)  18, 
1846,  41.) 

J.  S.  Stas  :  39.137  (0  =  16). 
According  to  the  mean  of  seven  determinations,  100 
parts  of  KOI  dissolved  in  nitric  acid,  aud  evaporated  to 
dryness  give  135.6423  parts  of  nitrate;  extreme  difference, 
0.017.  If  01  =  35.457;  N  =  14.044;  the  value  follows. 
This  value  is  confirmed  by  previous  experiments  which 
gave  39,130.  Potassie  chloride,  by  whatever  means  it  is 
prepared,  still  retains   silica.     Stas,  therefore,  determined 
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101 


the  amount  of  silica  in  the  KCl  and  allowed  for  it. 

ings   for    vacuum.      {Stas,    Untersuch.    uber    Chem.    Prop., 

Leipzig,  1867.) 

Staa  mentions  that  Dumas,  who  was  the  first  to  place  K 
at  39,  afterwards  became  convinced  that  thia  number  was 
too  low.     {Ibid,  page  318.) 


Regnault  has  determined  the  specific  heat  of  rhodium. 
It  corresponds  to  an  atomic  weight  of  about  104.  {Gmelin- 
Kraut,  I.  e.) 

J.  J.  Berzellus  :  IO4..S  (0  =16  ). 

Berzelius  made  two  analyses  of  dipotassiechlororhodiate. 
Thia  salt  can  be  completely  desiccated  in  a  current  of  chlo- 
rine at  a  red  heat  without  decomposition.  3.146  grammes 
gave  on  reduction  in  a  current  of  hydrogen  0.930  CI,  and 
the  residue  contained  1.304  KCl  and  0.912  metallic  rhodium. 
[If  KCl  =  74.594,  Ct  =  35.457,  (Stas,)  the  atomic  weight  of 
the  salt  calculated  from  the  CI  contents  is  359.831,  and  that  of 
Eh  104.272.  The  relation  between  the  Rh  and  tVie  CI  gives 
Eh  =104.312.  The  relation  between  the  KCl  and  the  Eh 
gives  Eh  =  104.340.  The  mean  is  104.308.]_  Berzelius 
made  a  second  analysis  of  the  crystallized  salt  in  which  he 
determined  the  water  of  crystallization.  (Under  the  same 
suppositions  and  in  the  same  order,  the  resulting  values  for 
Rh  are  106.279;  104.762;  103.708.]  In  the  Lehrbuch  only 
the  former  analysis  is  used  to  deduce  the  atomic  weight. 
Rhodium  was  separated  from  other  metals  by  its  insolu- 
bility in  aqua  regia.  The  double  salt  was  formed  by  heat- 
ing finely  pulverized  Rh  in  mixture  with  KCl  in  a  current 
of  chlorine.  The  double  salt  was  dissolved  in  water,  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  dried. 
{Poggend  Ann.,  13,  1828,  437  ;  Kongl.  Vetens.  Mad.  Handl, 


.828.) 
In  his 


^ J  earlier  determination  (Rh  =  750.68  for  0  =  100) 

Berzelius  mistook  an  hydrated  oxide  for  a  chloride.     [Ibid.) 
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ATOMIC    WEKJHl    DETERMINATIONS, 


Kopp  determined  the  specific  heat  of  rubidium  chloride. 
It  corresponda  to  ati  atomic  weight  of  about  85.  {Gmelin- 
Kraut,  I.  e.) 

KmcHHOFF  and  Bunsen  :  85.36  (0  —  16). 

Determined  from  the  mean  of  four  experiments  on  the 
precipitation  of  the  chloride  with  argentic  nitrate.  The 
extreme  difference  was  0.24.  Ag=  107.94;  CI  =  35.46. 
An  impure  mixture  of  rubidium  and  potassium  chlorides, 
nearly  free  from  lithium  and  the  earths,  was  partially  pre- 
cipitated with  platinum  chloride  and  the  precipitate  freed 
from  EOl  by  repeated  boiling  with  water.  The  residue 
was  reduced  in  a  current  of  hydrogen,  the  rubidium  chlo- 
ride extracted  with  water,  and  repreeipitated  with  platinum 
chloride.  This  process  was  repeated  until  the  potassium 
lines  in  the  spectrum  disappeared.  The  rubidium  was  then 
converted  into  a  mixture  of  carbonate  and  oxide,  and  the 
caesium  separated  by  extraction  with  alcohol.  The  amount 
of  silver  precipitated  waa  also  tested  from  time  to  time  and 
the  purification  continued  till  this  became  constant.  (Poa- 
c/end.  Ann.,  ns,  1861,  SS9.) 

J.  PicoARD  :  85.41  {0  =  16). 

Determined  by  four  analyses  of  rubidium  chloride  with 
argentic  nitrate.  The  number  is  the  mean ;  extreme  differ- 
ence, 0.09.  The  separation  of  potassium  from  rubidium 
was  eftected  for  the  different  analyses  by  6,  7,  and  8  succea- 
eive  partial  precipitations  with  platinum  chloride,  and  the 
separation  of  caesium  by-  thirty  successive  extractions  of 
the  anhydrous  carbonates  with  warm  absolute  alcohol.  The 
salt  analysed  was  spectroscopically  pure.  Ag  =^  107.94  ; 
01  =  35.46.  The  experiments  were  made  with  Bunsen's 
assistance.  {Erdmann's  Joum.  fur  Frak.  Chem.,  86,  1862 
449.) 

L.  Grandeau,  who  is  sometimes  credited  with  making  a 
determination  of  Rb,  expressly  disclaims  doing  so.  He 
mentions  Bunsen's  value  as  the  true  atomic  weight  and  says 
that  his  analyses  of  the  sulphate,  undertaken  to  test  its 
purity,  led  him  to  adopt  the  number  85.4;  apparently  for 
brevity's  sake.     {Annat.  de  Chim.  et  de  Phys.,  (3,)  67,  1863, 
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K.  GODBFFROY:  85.476  (0  =16). 
Determined  by  four  analyses  of  rubidium  chloride  prepared 
and  analysed  exactly  as  Godeffroy  determined  cstsium  q.  v.; 
extreme  difference,  0.04.     CI  =  35.5;  Ag  =  108.     ILwhig's 
Ann.,  181,  1877,  189.) 


RUTHENIUM. 


Bunsen  has  determined  the  specific  heat  of  ruthenium. 
It  corresponds  to  an  atomic  weight  of  about  104.  {Gmelm- 
Kraut,  I.  c.) 

C.  E.  Glaus;  10i.o7  (0  =  16). 

Determined  from  three  analyses  of  potassium  ehlororuthe- 
niate  by  the  same  method  Berzelius  had  employed  for  other 
platinum  metals.  Glaus  found  an  average  of  28.783  per 
cent  En:  extreme  difference  0.48,  and  41.063  KCl;  ex- 
treme difference,  0.51.  [If  K  =  39.137,  01  =  35.457 ;  this 
composition  givea  Ru  =  104.57.  The  weighings  as  given 
in  the  memoir  are  misprinted.]  Glaus  also  determined 
the  chlorine  with  silver;  the  results  were  such  as  to  show 
that  the  salt  was  not  anhydrous,  though  it  had  been  dried 
at  200°  in  an  atmosphere  of  01.  The  salt  was  prepared  by 
the  evaporation  of  a  solution  of  ruthenium  and  potassic 
hydrate  in  aqua  regla,  solution  of  other  chlorides  of  Eu  in 
dilute  HGl,  and  removal  of  basic  compounds  by  mechanical 
concentration  in  water.  Olans  later  takes  the  atomic 
weight  of  Eu  —  104.  In  this  memoir  he  puts  it  at  651.387 
(0  =  100,)  IO4.SS  (0  =  16,)  without  mentioning  the  values 
of  K  and  CI.     {Poggend.  Ann.,  65,  1845,  218.) 


SELENIUM. 


Eegnault  determined  the  specific  heat  of  selenium,  which 
accords  with  an  atomic  weight  of  about  79.  {Gmelin-Kraui, 
l.  c.) 


.yGoogle 


!    WBIOHT    DETBRMINATIONS, 

J.  J.  Berzrlius  ;  79SS  (0  =  16). 

Berzelius  found  that  100  Se  absorb  179  dry  chlorine  gaa, 
and  that  the  product  was  exactly  decomposed  by  water  into 
chlorhydric  acid  and  eelenioua  acid.  [If  CI  =  35.457  (Stas) 
the  value  follows.]     {Poggend.  Ann.,  8,  1826,  21.) 

F.  Sacc  :  78.55  (0  =  16) ;  490.93  (0  =  100). 

Sacc's  experiments  are  very  discordant.  He  made  three 
experiments  on  the  reduction  of  a  known  weight  of  sele- 
nious  acid  with  ammonium  bisulphite  and  ehlorhj-dric  acid. 
The  mean  result  was  Se  =  490.38 ;  extrenie  diflerence,  5.5. 
In  four  experimenta  barium  seleniate  was  decomposed  by 
heating  to  redness  with  sulphuric  acid  in  excess.  The  salt 
was  found  to  contain  41.95  selenious  acid ;  extreme  difler- 
ence 0.04.  For  Ba  =  856.877  the  resulting  value  is  491.49. 
The  selenium  was  purified  by  solution  in  nitric  acid,  evap- 
oration and  sublimation,  and  by  reduction  with  HCl  and 
ammonium  bisulphite.  Selenious  acid  was  prepared  by 
oxidation  with  nitric  acid.  Barium  seleniate  was  prepared 
by  precipitation  of  barium  nitrate  with  sodium  seleniate  and 
heating  to  redness.  Sacc  regards  490.3  as  the  most  prob- 
able value  of  Se.  (Annal.  de  Ckm.  eidePhys.,  (3,)  SI,  1851. 
119.)  .^    ".  " 

A.  SCHROETTER  :  78.6  (0  ^=  16). 

Details  not  given.  (Kopp's  Jahresberickt,  4.,  1851,  318  ■ 
Sitz.-Berichi  der  k.  k.  Acad.,  6,  1851,  214.) 

Erdmann  and  Marchand  :    78.6    (0  =  16)  •    492  5 
(0  =  100). 

Determined  from  experiments  on  mercuric  selenide  by 
the  same  methods  employed  for  the  determination  of  S, 
q.  V.  Three  experiments  gave  71.726,  71.731,  71.741,  per 
cent  mercury.  {Erdmann' s  Jovrn.  far  Prak.  Chem.,  65. 
1852,  202.) 

J.  Dumas:  76.46  (0  =  16). 
Determined  by  seven  experiments  on  the  chloridation  of 
selenium.  The  chloride  was  condensed  in  a  tube  cooled  to 
—  20°,  after  which  the  escaping  gases  were  led  through 
other  tubes  filled  with  asbestos.  The  extreme  difference 
in  the  results  was  0.46.  CI  =  35.6.  (Annal  de  Ghim.  el  de 
Phys.,  (3,)  55,  1859,  129.) 
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0.  Pbttersson  and  G.  Ekman  :  79.08  (O  =  16). 


Determined  by  five  analyses  of  selenious  acid.  A  warm 
solution  of  the  aeid  waa  acidified  with  chlorhydric  add, 
precipitated  with  sulphurous  acid  and  the  selenium  collected 
on  a  glass  filter.  Many  precautions  are  necessary  in  the 
precipitation  and  drying.  The  value  is  the  mean ;  extreme 
difterence,  0.04.  {Berlin,  Bericht  der  Cliem.  GeseU.,9, 1876, 
1212 ;  in  exienso  in  the  Acta  of  the  Scientijic  Soc.  of  Upsala.) 


SILICON, 


The  vexed  question  of  the  composition  of  silicic  aeid  has 
been  settled  by  H.  F.  Weber,  who  found  that  the  specific 
heat  of  this  element  becomes  nearly  constant  above  200° 
and  that  the  atomic  heat  is  5.8  for  Si  =  28.  {Poggend. 
Ann.,  m,  1875,-  575.) 

J.  J.  Berzelius  :  S9.6S  (0  =  16) ;  185.19  (O  =  100). 


100  parts  of  silicon,  which  had  been  heated  to  r 
and  freed  from  silicic  acid  by  hydrofluoric  acid,  gave  ^.uo 
parts  silicic  acid,  whence  the  value.  Berzelius  also  made 
analyses  of  barium  floosilicide  from  which  he  calculated 
the  oxygen  contents  of  the  acid  at  51.975.  This  gives  for 
the  atomic  weight  of  Si  S9.58.  (Poggend.  Ann.,  8, 1826,  20 ; 
and  Lekrbuck,  3,  1200.) 

J.  Pelouze  :  38.46  (0  =  16  ) ;  177.88  (0  =  100). 
A  known  weight  of  perfectly  pure  silver,  dissolved  in 
nitric  acid,  was  brought  in  contact  with  a  known  and  slightly 
excessive  weight  of  silicon  tetrachloride  and  the  excess 
titrated  with  decimal  silver  solution.  The  value  is  derived 
from  the  mean  of  two  experiments;  difterence  0.76  for  0 
=  100 ;  CI  =  443.2,  Ag  =  1349.01.  The  chloride  was  pre- 
pared by  Ebelmen  ;  it  was  perfectly  transparent,  volatilized 
without  residue,  and  had  been  dried  for  a  long  time  in  a 
vacuum.     (Paris,  G&mpies  Bend.,  SO,  1845,  1047.) 

J.  Dumas:  28.02(0  =  16). 
Determined  from  the  mean   of  two  experiments  on  the 
tetrachloride  which  was  weighed  off  in  a  glass  bulb  and 
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introduced,  so  enclosed,  into  a  vessel  containing  water. 
The  bulb  was  broken  and  the  chlorine  contents  titrated  with 
argentic  nitrate.  The  difference  between  the  experiments 
was  0.2  for  0  .=  16,  Ag  =  108,  01  =  35.5.  The  chloride 
was  repeatedly  rectified;  its  boiling  point  waa  59°.  {Annal. 
de  Chim.  el  de  Flips.,  (3,)  55,  1859,  129.) 

J.  Sciiiel:  28.01  (0  =  16). 

Determined  by  two  analyses  of  the  tetrachloride.  The 
salt  was  decomposed  with  a  slight  excess  of  ammonium 
hydrate  and  the  chlorine  titrated  with  argentic  nitrate. 
The  atomic  weights  of  CI  and  Ag  used  are  not  stated. 
Schiel  found  0.6738  silicic  chloride  =  2.277  argentic  chlo- 
ride, and  1.3092  silicic  chloride  =:  4.418  argentic  chloride. 
[For  Ag  =  107.93,  CI  =  35.457,  these  data  give  Si  = 
28.13,  and  27.89.]    {Liebig's  Ann.,  ISO,  1861,  94.) 


Dulong  and  Petit,  Regnault  and  others  have  determined 
the  speciic  heat  of  silver  and  found  it  in  accord  with  an 
atomic  weight  of  about  108.     {Gmelin-Kraut,  I.  c.) 

Maecet;  Davy;  Wenzel;  Wollaston. 

Wollaston  in  bistable  of  equivalents  mentions  that  Marcet 
found  441  CI  ^1350  silver,  and  Davy  the  same  quantity  of 
chlorine  =  1360  silver.  Wenzel  found  200  sulphur  =  1300 
silver.     {Phil.  Trans.,  IO4,  1814,  21.) 

J.  J.  Beezblius:  10S.XS9  (0  =  16);   675.804  (0  = 
100). 

Berzelins  found  that  100  silver  gave  132.75  argentic  chlo- 
ride. Taking  CI  =  221.825  he  calculates  Ag  =  1351.607. 
He  expresses  uncertainty  whether  or  no  this  value  should 
not  be  reduced  to  one  half     {Poggend.  Ann.,  8,  1826,  180.) 

E.  TuRHER  :  108  (O  =  16). 

Turner  determined  the  composition  of  argentic  chloride 
at  100  silver  to  132.8  chloride.      These   numbers  are  for 
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vacuum.     If  CI  =  35.42  (Turner)  the  value  follows.     {Phil. 
Trans.,  W3,  1833,  536.) 

F.  Penhy:  107.97  (0  =  16). 

Penny  made  six  experiments  on  the  eonversion  of  silver 
into  nitrate.  The  silver  was  dissolved  in  cold  nitric  acid, 
the  solution  evaporated,  and  the  nitrate  fused  all  in  one 
flask  and  with  precautions  against  loss  by  spiriting.  He 
found  100  Ag  =  157.441  nitrate ;  extreme  diiierence,  0.028. 
In  five  experiments  the  nitrate  from  the  preceding  determi- 
nations was  converted  into  chloride,  by  means  of  ehlorhy- 
dric  acid,  in  the  same  flask,  dried,  fused,  and  weighed. 
Penny  could  detect  no  decomposition  in  fusion.  He  found 
100  Ag  =  132.8372  chloride;  extreme  difierenee,  0.01.  In 
two  experiments  silver  was  dissolved  in  nitric  acid,  precipi- 
tated with  chlorhydric  acid,  evaporated  and  fused,  giving 
132.830  and  132.838.  The  mean  of  all  seven  experiments 
is  132.836.  Penny  takes  132.837.  Prom  the  relations  of 
the  chlorides,  chlorates,  and  nitrates  of  potassium  and 
sodium,  Penny  had  determined  the  diflerence  between  the 
atomic  weights  of  a  chloride  and  a  nitrate  at  26.565.  This 
gives  the  molecular  weight  of  argentic  chloride  at  143.424 
and  Ag  =  107.97.  The  silver  used,  as  well  as  the  water 
and  the  acids,  were  carefully  tested  for  impurities  and  a 
minute  amount  of  solid  residue  in  the  twice  distilled  water 
and  in  the  acids  was  allowed  for.  The  weighings  were  all 
reduced  to  vacuum.     {Fhil  Trans.,  W9,  1839,  27.) 

C.  Maeignac  :  108  (0  =  16) ;  675  (0  =  100). 

Silver  was  dissolved  in  nitric  acid  and  precipitated  with 
chlorhydric  acid.  One  experiment,  reduced  to  vacuum, 
gave  100  silver  =  132.74  chloride,  which  Marignac  consid- 
ered confirmatory  of  Berzelius'  value,  132.75.  He  therefore 
adopted  the  latter  number.  100  potasaic  chloride  were 
found  to  produce  192.26  argentic  chloride,  in  two  experi- 
ments, the  difterence  between  which  was  0.01.  By  analysis, 
by  means  of  heat,  of  potassic  chlorate,  Marignac  had  found 
the  molecular  weight  of  the  chloride  932.14,  these  relations 
give  the  molecular  weight  of  argentic  chloride  at  1792.13 
and  the  atomic  weight  of  silver  at  1350.  The  potassic 
chloride  was  prepared  by  heating  the  chlorate  and  cooling 
the  resulting  chloride  over  sulphuric  acid.  {Liebig's  Arm., 
U,  1842,  23.) 
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0.  Marignac:  107.9^^  {0^16);  674.505(0  =  100). 
Marignac  redetermined  the  relation  between  silver  and 
potassie  chloride  by  Pelouze's  method.  He  found  100  A" 
=  69.062  KCi  in  six  experiments,  the  extreme  diftercnce 
between  which  was  0.018.  In  five  experiments  he  found 
100  KCI  =  192.348  Ag;  extreme  difference  0.04.  He  also 
redetermined  the  composition  of  argentic  chloride.  The 
silver  was  dissolved  in  a  long-necked  flask  and  the  fumes 
passed  into  a  second  flask  containing  water.  Solution  being 
effected,  the  water  from  the  second  flask  was  added  to  the 
contents  of  the  first,  and  the  whole  precipitated  with  HCl. 
The  chloride  was  washed,  dried,  melted  and  weighed  in  the 
same  flask.  The  result  was  100  Ag  =  132.84  chloride ; 
extreme  difference  0.019.  Combination  of  these  data  with 
Marignac's  old  value  for  the  molecular  weight  of  ECl, 
932.14,  gives  Ag  =  1349.01.  All  weighings  reduced  to 
vacuum.  BerzeHue  revised  the  result  by  throwing  out  one 
experiment  and  by  rejecting  the  correction  for  vacuum. 
He  thus  got  Ag  =  1349.66.  {Berzelius'  Jaliresbmcht,  S4, 
58;  SS,  31 ;  BibL  Unio.  de  Qenhe,  4.6,  1842,  350.) 

In  opposition  to  Proofs  hypothesis,  Marignac  cites  his 
analyses  of  argentic  acetate,  in  which  the  escaping  gases 
were  forced  to  pass  over  porous  silver.  They  gave  in  three 
experiments  64.664  silver  from  100  acetate ;  extreme  dif- 
ference 0,005.  If  C  =  75,  this  gives  Ag  =  1349.6.  He 
also  found  100  Ag^  157.455  nitrate.  [If  ]^  — 87.5,  this 
gives  Ag  =  1348.88.]  He  also  found  100  Ag  =  49.556 
ammonium  chloride.  (Liebifs  Ann.,  59,  284;  Bibl.  Univ. 
de  Geneve,  1846.) 

LiBBiG  and  Redtenbacher  ;  Strecker  :  107  903  (0 
=  16) ;  674.395  (0  =  100). 

Strecker  recalculated  Liebig  and  Redtenbacher's  analyses 
of  argentic  aeetatCj  tartrate,  raeemate  and  malate  by  the 
method  of  least  squares,  and  from  the  difference  in  the 
atomic  composition  of  these  salts.  He  obtained  for  Ag  the 
value  1348.79.  Vide  Carbon.      {Liehig's  Ann.,  59,  1846,  280.} 

E.  J.  Maumenb:   108.026  (0  =  16);   675.16   fO  = 
100).  ^ 

In  four  experiments  argentic  oxalate  was  mixed  with  sand 
in  a  flask  and  decomposed  by  heat  in  a  current  of  air.     The 
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products  of  decomposition  were  passed  over  cupric  oxide, 
and  through  drying  tubes  and  potash  tubes.  In  five  experi- 
ments the  acetate  was  treated  in  the  same  way,  but  not 
mixed  with  sand.  The  mean  result  was  Ag^  1350.32; 
extreme  difference  0.77.  Maumene  found  it  very  difficult 
to  purify  the  oxalate,  which  showed  traces  of  nitric  acid 
after  100  washings.  {Annal.  de  Chim.  et  de  Phys.,  (3,)  18, 
1846,  41.) 

J.  S.  Stas  :  107.93  (0  =  16). 

Thirteen  syntheses  of  argentic  iodide,  performed  by 
bringing  hydroiodic  acid  in  contact  with  argentic  sulphate 
or  nitrate,  gave  100  Ag  =  117.5343  iodine.  Three  analyses 
of  argentic  iodate,  performed  by  decomposition  by  heat  in 
a  current  of  nitrogen  or  by  reduction  of  the  salt,  while  in 
suspension,  by  a  current  of  sulphurous  anhydride,  gave 
Agl  =  284.779.  Hence  Ag  =  107.928.  Four  syntheses  of 
the  bromide,  performed  by  bringing  hydrobromie  acid  in 
contact  with  argentic  sulphate,  gave  100  Ag  =  74.0806  Er. 
Two  analyses  of  argentic  bromate,  by  reduction  while  in 
suspension  with  sulphurous  anhydride,  gave  Ag  Br  = 
187.87.  Hence,  Ag  —  107.921.  Seven  syntheses  of  argen- 
tic chloride,  three  of  them  by  combustion  of  silver  in  chlo- 
rine, three  by  precipitation  with  HCl,  and  one  by  precipita- 
tion witli  ammonium  chloride,  gave  100  Ag  =  32.8445  CI. 
Stas  adopts  the  number  32.85  on  the  supposition  that  no 
excess  of  chlorine  was  possible.  The  chloride  was  fused. 
Two  analyses  of  the  chlorate,  accomplished  by  heat  or  by 
evaporation  with  chlorhydric  acid,  gave  Ag  CI  =  143.395. 
Hence  Ag  =  107.937.  Five  syntheses  of  the  sulphide,  per- 
formed by  heating  silver  in  a  current  of  sulphur  vapor,  or 
of  hydrogen  sulphide,  gave  100  Ag  =  114.8522  argentic 
sulphide.  Six  analyses  of  the  sulphate  by  reduction  in  a 
current  of  hydrogen,  showed  that  100  sulphate  contained 
69.203  silver,  hence  Ag  =107.920,  [107.926 1  vide  Sulphur.] 
From  analysis  of  potassium  chlorate,  Stas  had  determined 
the  molecular  weight  of  ECl  at  74.59.  By  twenty-four 
determinations  he  found  100  Ag  =  69.103  KCl,  hence 
Ag=  107.943.  The  silver  was  prepared  either  by  LevoPs 
method  or  by  decomposing  an  amraoniaeal  solution  of 
argentic  nitrate  with  a  mixture  of  ammonium  sulphite  and 
a  copper  salt..  The  metal  was  heated  to  the  boiling  point 
until  the  sodium  line  disappeared  and  the  metallic  fumes 
were  a  pale  blue.  To  test  its  purity,  it  was  compared  with 
distilled  silver.     See  Stas's  determinations  of  CI,  Br,  I,  S, 
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and  K.     All  weighings  reduced  to  vaenum.     {Slas,  JJnter- 
such.  uber  Gkem.  Prop.,  Leipzig,  1867.) 


The  specific  heat  of  sodium  has  been  determined  by  Reg- 
naitlt  and  indicates  an  atomic  weight  of  about  23.  {Gmelin- 
Kraut,  I.  c.) 

H.  Davy;  F.  H.  Wollastoh  :  BS.S8  fO  =  16) :  145.5 
(O  =  100). 

Davy  found  that  134  CI  combine  with  88  Na  to  form 
sodium  chloride.  If  01  =  441,  the  value  follows.  (Phil. 
Trans.,  IO4.,  1814,  20.) 

J.  J.  Bgrzblius  :  ^3.164  (0  =  16). 

Berzelius  found  that  100  Na  CI  ^  244.6  Ag  01.  [If  Ag 
CI  =  143.387,  (Staa,)  the  value  follows.]  iPogqend.  Ann.  8 
1826,  189.)  J     ^     ^^ 

P.  Penky  :  23.046  (0  =  16). 

Penny  made  four  experiments  on  the  conversion  of  the 
chlorate  into  the  chlorid.e  by  means  of  HCl.  A  known 
weight  of  the  salt  was  dissolved  in  a  flask  in  the  acid  and 
evaporated,  dried  and  weighed  without  removal.  The 
sodium  chloride  was  not  fused.  The  mean  result  was  that 
100  chlorate  equals  54.930  chloride;  extreme  difference,  0.02. 
This  relation  gives  the  molecular  weight  of  the  chloride  at 
68.5.  Penny  had  found  the  atomic  weight  of  01  =  35.454; 
hence  the  value  for  M"a.  [If  01  =  35.457  (Stas  )  Na  = 
23.043.  Stas  himself  found  23.043.]  The  sodium  chlorate 
was  prepared  by  precipitating  potassium  chlorate  with 
sodium  bitartrate,  and  purifying  the  sodium  chlorate  by 
recrystallization.  The  weighings  are  for  vacuum  iPhil 
7Vots.,7^P,  1839,  25.) 

J.  Pelouzb:  m.97  (0  =  16);  143.59  (0=100). 

A  known  weight  of  perfectly  pure  silver  was  dissolved 

in  nitric  acid,  and  brought  in  contact  with  a  known  and 
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slightly  exceseivo  weight  of  sodium  chloride,  and  the  excess 
titrated  -with  decimal  silver  solution.  The  mean  result  of 
three  experiments  was  that  100  Ag  =  51.141  Na  CI ;  ex- 
treme difference,  0.033.  The  value  follows  for  Ag  = 
1349.01 ;  CI  —  443.2.  The  sodium  chloride  was  prepared 
either  from  sodium  sulphate  and  barium  chloride,  or  from 
sodium  carbonate  and  chlorhydric  acid,  or  from  a  very  pure 
rock  salt.  It  was  repeatedly  reerystallized  and  was  dried 
■ melted.     {Paris  Comptes  Bend.,  SO,  1845,  1047.) 


at  200 

J.  Dumas  :  23.011  (0  =  16). 
Determined  from  the  mean  of  seven  experiments  on  the 
titration  of  sodium  chloride  with  argentic  nitrate  ;  extreme 
difference,  0.09.  Ag  =  108  ;  CI  =  35.5  [Dumas  gives  the 
mean  as  23.014  instead  of  23.0114.1  Kor  five  experiments 
Na  CI  reerystallized  ten  times  and  melted  was  employed. 
!For  two  experiments  {giving  an  average  of  23.036)  the 
residue  from  the  incineration  of  the  acetate  was  used  to 
prepare  Na  CI,  which  was  reerystallized  four  times  and 
melted.     (AutuiL  de  Chim.  ei  (k  Phys.,  (3,)  55,  1859,  129.) 

J.  S.  Stas  :  23.043  (0  =  16). 
According  to  the  mean  of  10  determinations  100  Ag  = 
54.2078  Na  CI ;  extreme  difference  0.0033.  The  sodium 
'chloride  was  found  to  contain  a  minute  quantity  of  silicic 
acid  which  reduces  the  result  from  Na=  23.049  to  23.045 
for  Ag  ^  107.93;  CI  =  35.457.  According  to  the  mean  of 
five  determinations  100  Na  CI  =  145.4526  sodium  nitrate  ; 
extreme  difference  0.025.  If  N"  ^  14.044  this  gives  Na  = 
23.045.  The  lowest  determination  gives  Na  =  23.042.  The 
sodium  chloride  was  purified  by  recrystallization  and  m  part 
by  conversion  into  sodium  chloroplatinate.  The  weighmgs 
are  for  vacuum.  {Stas,  Untersuch.  iiber  Chem.  Prop.,  Ldp- 
zig,  1867.) 


STRONTIUM. 


^..^ t  determined  the  specific  heat  of  strontium  chlo- 
ride. It  corresponds  to  an  atomic  weight  of  about  87.5. 
(Gmelin-Kraut,  I.  c.) 
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M.  H.  Klaproth  ;  F.  H.  Wollaston  :  944  (0  =  16); 
590  (O^lOO). 

Klaproth  found  42  sulphuric  anhydride  =  58  strontium 
oxide;  whence  the  value  for  8  =  200.  {Phil.  Trans.,  J 04, 
1814,  20.) 

F.  Stromeyer;  87.84  (0  =  16);  545.929  (0  =  100). 

According  to  Berzelius,  Strome^'er  found  that  100  stron- 
tium chloride  ;=  181.25  argentio  chloride;  whence  the  value, 
for  Ag=  1349.66;  01  =  221.64.  (Berzelius'  Lehrbuch,  S, 
1229.)  In  Gilbert's  Ami.,  54, 1816,  251,  Stromeyer  refers  to 
tbia  analysis  as  by  V.  Rose.  Stromeyer  himself  found  0.5 
grm,  carbonate  ^  75.5394  c.  e.  carbon  di-oxide  [which 
gives  Sr  =  88.26  if  1000  e.  c.  carbon  di-oxide  weigh 
1.96433  grm.]  Stromeyer  calculated  Sr  =  552.28  for  0  = 
100. 

— .  Salvbtat:  88  (0  =  16);  550  (0  =  100). 

Determined  from  the  loss  of  weight  of  strontium  carbo- 
nate by  calcination  and  on  driving  otF  carbon  di-oxide  with 
sulphuric  acid.  Details  not  given.  {Pari^  Comptes  Send., 
17,  1843,  318.) 

J.  Pelouze  :  87.68  (0  =  16) ;  548.02  (0  =  100). 

A  known  weight  of  perfectly  pure  silver  was  brought  in 
contact  with  a  known  and  slightly  excessive  amount  of 
strontium  chloride  and  the  excess  titrated  with  decimal 
silver  solution.  The  number  is  the  mean  of  two  experi- 
ments; extreme  difference,  0.2.  Ag=il349.01 ;  01=: 
443.2.  The  chloride  was  purified  by  recrystallization  and 
was  dried  at  200°  or  below  redness,  {Paris  Comptes  Mend., 
m,  1047.) 

C.  Mabionac  :  87.54  (0  =  16). 

Marignae  made  experiments  on  three  different  prepara- 
tions of  strontium  chloride,  (1,)  (2,)  (3.)  Compared  with 
silver  by  Pelouze's  method  it  was  found  that  ten  grammes 
strontium  chloride  =  (1)  8.103;  (2)8.099;  (3)  8.101  silver. 
The  same  strontium  chloride  converted  into  sulphate  gave 
(1)  6.887;  (2)  6.8855;  (3)6.884  sulphate.  In  both  these 
series  of  experiments  the  strontium  was  weighed  as  air- 
dried,  hydrous,  crystalline  chloride.     Comparison  gives  Sr 
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=  (1)43.79;  (2)43.82;  (3)43.77.  In  each  experiment  of 
the  latter  aeries  the  water  was  determined  by  driving  it  ntt 
at  a  red-  heat.  It  was  proved  that  the  chloride  does  not 
undergo  decomposition  at  this  temperature,  and  the  water 
contents  w»s  found  to  vary  no  more  than  0.0005  of  the 
total  weight.  In  three  more  experiments  the  water  was 
dcterminid,  and  the  anhydrous  salt  analysed  by  Pelouze  8 
method  giving  (1)  43.77  ;  (2)  43.74  ;  (3)  43.76.  Ag  =  108 
CI  =  35  6  •  S  =  16.  The  chloride  was  prepared  (1)  from 
the  chemically  pure  chloride  of  commerce  by  precipitating 
barium  with  sulphuric  acid,  separation  of  lime  by  precipi- 
tation of  the  strontium  chloride  by  HCl  gas  and  washing 
with  chlorhydrie  add.  The  purity  wa.  tested  by  the  solu- 
bility of  a  portion  converted  into  sulphate.  The  chloride 
was  finally  redissolved  and  precipitated  with  alcohol.  (2) 
was  prepared  from  (1)  by  a  repetition  of  the  same  process. 
(3)  was  prepared  from  (2)  by  recrystaUization.  (BiU.  Unw,, 
Arch,  des  Sciences,  {%)  1,  1858,  220.) 

J.  Dumas  :  87.52  (0  =  16). 
Determined  from  the  mean  of  six  experiments  on  the 
analysis  of  strontium  chloride  with  argentic  nitrate,  ine 
extreme  difference  was  0.14,  01  =  35.5;  Ag  ==  108.  The 
salt  was  purified  by  boihng  with  sulphuric  acid,  and  pre- 
cipitation with  and  recrystallization  from  chlorhydrie  acid. 
These  processes  were  in  some  eases  several  times  repcateo. 
The  pure  salt  was  fused  in  a  current  of  HCl  gas.  (Annat. 
de  Chim.  et  de  Fligs.,  (8,)  SB,  1859,  129.) 


SStTLPHUE. 


Deville  and  Troost  and  others  have  determined  the  den- 
sity of  sulphur  in  the  gaseous  form.  It  corresponds  to  an 
atomic  weight  of  about  32.  The  speeiho  heat  of  sulphur 
also  agrees  moderately  well  with  this  value.  (Gmdtn-Kruiii, 
I.  0. ;  L.  Meyer,  I  c.) 

J    J    BuitzBLHis;  F.  H.  WoLLASTOK :  »2{0  =  16); 
200  (0=100). 

According  to  Wollaston,  Berzelius  found  that  plumbic 
snlpWde  wa!  composed  of  86  64  lead  and  13.36  S^  Hence 
the  value,  for  lead  =  1295.     (Fhtl.  Tram.,  m,  1814,  20.) 
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J.  J.  Berzelids  :  3^.19  (0  =  16)  201.165  {O  =  100). 
A  known  weight  of  lead  was  disooJved  in  pare  nitric  acid 
precipitated  with  sulphuric  acid  and  evaporated.  The  mean 
result  of  four  experiments  was  that  100  Pb  =  146.44  sul- 
phate. The  variation  was  onlj  in  the  fifth  figure  If  lead 
=  1294.498  the  value  follows.  [If  this  relation  is  recalcula- 
ted with  StaB's-atomic  weight  of  lead,  8  ==  32.096.]  (Poggmd. 
Ann.  8,  1826,  16.) 

E.  Turner  :  32.17  (0  =  16). 
Determined  from  syntheses   of   plumbic  and  baric  sul- 
phates.    The  former  gave  16.083,  the  latter,  16.087.     Ba  = 
68.7,  Pb  —  103.6.      The   numbers  are  for  vacuum       Vide 
Barium  and  Lead.     {PhU.  Trans.,  ISS,  1833,  539.) 

T.  Thomson  :  5^  (0  =  16);  200  (0  =  100). 
This  chemist  found  the  specific  gravity  of  sulphurous 
acid  m  mean  of  two  experiments,  2.22216,  almost  exactly 
double  1.1111  which  he  takes  (on  utterly  untenable  grounds) 
for  the  specific  gravity  of  oxygen.  (Erdmann's  Journ.  filr 
Prak.  Chem.,  8,  1836,  370;  Mecords  of  General  Science  by  P 
D.  Thomson,  1836,  179.) 

Erdmann  and  Marchand  ;  S^.OOA  (0  =  16)  •  200  026 
(O^lOO). 

Determined  by  four  experiments  on  the  decomposition  of 
mercuric  sulphide  by  eopper,  in  a  current  of  carbon  di- 
oxide, the  mercury  being  caught  in  a  cold  receiver.  The 
mean  composition  was  found  to  be  for  vacuum  86.211  mer- 
cury and  13.789  sulphur,  extreme  difference,  0.017  Hg.  If 
Hg  =  1250.6,  the  value  follows.  In  purifying  the  sulphide 
It  was  first  heated  to  drive  off  excess  of  sulphur  and  then 
sublimed  three  times,  the  first  and  last  portions  of  the  sub- 
limate being  rejected.  (Erdmann's  Journ.  fur  Prak  Chem 
SI,  1844,  396.)  ./  V      .., 

J.  J.  Beezelius  :  3S.:!S  (0  =  16) ;  200.75  (0  =  100). 
Berzelius'  former  value,  201.165,  is  changed  by  the  new 
value  for  lead,  1294.645  to  200.8017.  Three  new  experi- 
ments were  made  by  gently  heating  argentic  chloride  in  a 
current  of  hydrogen  diaulphide.  The  mean  of  three  ex- 
periments gives  H  =  200.706;  extreme  difterence  0.11  CI 
=  443.38,  Ag  =  1349.66.  {Berzelius'  Jahresbencht,  S5, 1845, 
37,  and  Lehrbuck,  3,  1185.) 
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H.  Strtjvb:  .?2,002  (0  =  16V 

Determined  by  six  experitiicnta  oti  tlie  reduction  of  a 
known  woiglit  of  argentic  sulphate  in  a  current  of  hydro- 
gen. The  number  ia  the  mean  ;  extreme  difference,  0.146. 
Ag  — 108.  The  sulphate  waa  prepared  by  preeipitatiug 
the  nitrate  with  an  excess  of  sulphuric  acid,  and  drying  at 
a  high  temperature.  {Liebig'x  Ann.,  80,  1851,  203  ;  Berze- 
lius'  JahresberieM,  SO,  20.) 

J.  Dumas  :  32.0196  (0  =  16). 

Determined  by  five  experiments  on  the  combustion  of 
silver  in  sulphur  vapor.  The  number  is  the  mean;  ex- 
treme difference,  0.054.  Ag  =  108.  The  sulphur  web 
purified  by  repeated  distillation.  The  silver  was  heated  to 
redness  in  a  current  of  sulphur  vapor,  the  excess  of  sulphur 
being  afterwards  distilled  off'  in  a  current  of  carbon  di-oxide. 
{Annal  de  Chim..  et  de  Phys.,  (3,)  55,  1859,  147.) 

J.  S.  Stas  :  32.0742  [?]  (0  =  16). 

According  to  the  mean  of  six  analyses  of  argentic  sul- 
phate by  decomposition  in  a  current  of  hydrogen  at  as  low 
a  temperature  as  possible,  100  sulphate  yield  69,203  [more 
exactly  69.20317]  silver;  extreme  difference,  0.012.  Five 
syntheses  of  the  sulphide,  performed  by  heating  silver  in  a 
current  of  sulphur  vapor  or  hydrogen  disulphide,  showed 
that  100  silver  =114.8522  sulphide;  extreme  difference, 
0  005.  By  comparing  these  figures,  which  are  for  vacuum, 
Stas  deduces  8^32.0742;  Ag  =  107.920.  [There  seems 
to  be  a  trifling  error  in  this  calculation.  The  weighings 
seem  to  be  correct,  for  the  means  correspond  to  the  de- 
tails given.  As  given,  the  numbers  indicate  8^32.058; 
Ag  =  107.926.  The  latter  is  almost  identical  with  Stas's 
mean  value,  107.930.]  The  sulphate  was  prepared  by  the 
action  of  sulphuric  acid  on  argentic  nitrate,  or  by  solution 
of  silver  in  sulphuric  acid.  The  salt  was  heated  above  the 
boiling  point  of  sulphuric  acid.  {Stas,  (Inters.  Uber  Chem. 
Prop.,  Leipzig,  1^7.) 
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TANTALIUM. 

Deville  and  Troost  have  determined  the  vapor  deneityof 
tantaliura  chloride.  It  agrees  with  an  atomic  weight  of 
182.    (Pans  Compies  Bend.,  64,  1867,  294.) 

J.  J.  Beezelius  ;  167.74  (0  =  16). 

Berzelius  decomposed  the  sulphide  in  dry  chlorine  gaa 
and  decomposed  the  resulting  chloride  with  water,  99,76 
parts  sulphide  yielded  89.35  tantalie  acid.  On  the  suppo- 
sition that  the  acid  contains  three  atoms  of  oxygen  Berze- 
lius calculates  the  atomic  weight  at  1148.366  for  S  =  200.75. 
\lf  the  acid  contains  five  atoms  of  oxygen  the  value  becomes 
167,74.]  {Poggend.  Ann.,  4,  1825,  14,  and  Lehrbuch,  S, 
1209.) 

Kose  denies  that  the  sulphide  formed,  as  Berzelius  pre- 
pared it,  by  heating  tantalium  in  carbon  dtsulphide  vapor 
18  a  constant  compound,  [Poggend.  Ann.,  99,  580,)  Marig- 
nac,  however,  shows  that  Berzelius,  Eose  and  Hermann, 
obtained  constant  results  from  its  analysis,  from  89.50  to 
90  acid  from  100  sulphide.  If  Ta=182,  the  sulphide 
would  give  90.24  acid.     {Liebig's  Ann.,  8,  4,  1866, 358.) 

H.  Rose  :  17S  (0  ^  16), 

Out  of  twelve  analyses  of  the  chloride,  in  which  both 
the  chlorine  and  the  tantalie  acid  were  determined,  Rose 
selected  two  in  which  the  agreement  was  best,  [These 
analyses  calculated  for  Ag  =  107.93,  01  =  35,457,  give  Ta 
^  171.96,]  The  chloride  was  prepared  from  tantalie  acid 
especially  freed  from  tungsten  and  tin  by  mixing  with  car- 
bon, drymg  in  carbon  di-oxide,  and  heating  in  a  current  of 
chlorine  in  which  the  salt  was  allowed  to  cool.  Excess  of 
chlorine  was  expelled  by  dry  air,  and  the  salt  was  hermeti- 
cally sealed  in  glass.  Rose  supposed  the  acid  to  contain 
two  atoms  of  oxygen  and  therefore  deduces  the  value  859.81 
(0  =  100).     {Poggend.  Am.,  99, 1866,  75,) 

Marignae  seems  to  prove  that  the  material  with  which 
Rose  dealt  contained  niobium.  He  states  that  the  chlorides 
of  the  two  elements  cannot  be  separated  from  one  another, 
and  that  there  are  no  characteristics  by  which  their  purity 
can  be  decided.     {Uebig's  Ann.,  S,  4,  1866,  352.) 
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R.  Hermann  : 

Hermann  made  many  analyses  of  tantalium  salts  to 
which,  however,  he  atijribea  qaitb  incomprehensible  for- 
mulas. Marignac  has  shown  that  his  methods  were  utterly 
inadequate  to  produce  pure  preparations.  He  assumes  two 
atoms  of  tantalium  and  three  atoms  of  oxygen  in  the  acid 
and  gives  the  atomic  weight  as  645.  (0  =  100.)  {i^rd- 
mann's  Journ.fur  Prak.  Chem.,  70,  1857,  193.) 

C.  MAKiflNAC  :  182  (0  =  16). 

Berzelius',  Rose's  and  Marignac's  analyses  of  the  double 
^fluoride  of  tantalium  and  potassium  show  that  the  fluorine 
is  combined  with  Ta  and  potassium  in  proportions  of  two 
to  five.  -  The  salt  has  also  exactly  the  crystal  form  of  the 
niobium  salt.  Hence  the  acid  is  a  ditantalic  pentoxide. 
Four  experiments  were  made  on  this  salt  by  drying  at 
100°,  moistening  with  sulphuric  acid  and  heating  grad- 
ually till  the  excess  of  acid  was  driven  off.  The  potassic 
sulphate  was  leached  out,  evaporated,  melted  and  weighed, 
and  the  tantalic  acid  heated  to  redness  and  weighed.  The 
mean  potassic  sulphate  contents  was  found  to  be  44.29  per 
cent;  extreme  difterence,  0.15.  The  mean  amount  of  tan- 
talic acid  obtained  was  66.59;  extreme  difference,  0.25.  If 
K  =  39,  these  data  give  Ta  =  182.3.  Four  analyses  were 
also  made  of  the  ammonium  salt.  This  contained  traces 
of  potassium  which  were  determined  and  allowed  for  in 
each  case.  The  mean  amount  of  tantalic  acid  obtained  was 
65.25  per  cent;  extreme  difference,  0.34.  This  gives  Ta^ 
182,  the  number  which  Marignac  adopts.  The  salts  were 
obtained  by  dissolving  tantalic  acid,'  which  had  not  been 
heated  to  redness,  in  fluohydric  acid,  adding  potassic  or 
ammonic  hydrate  and  purifying  by  recrystallization.  These 
salts  are  much  less  soluble  than  the  corresponding  niobium 
and  titanium  salts.     {JAebig's  Ann.,  S.  4,  1866,  234.) 


Regnault  and  Eopp  have  each  determined  the  specific 
"heat  of  tellurium  and  found  it  in  accord  with  an  atomic 
weight  of  about  128.     {G melin-Kraul,  I.  c.) 
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J.  J.   Berzelius   129.03   [0  =  16) :    806.452   fO  = 
100).  ^ 

A  known  weight  of  metallic  tellununi  waa  oxidized  with 
nitric  acid,  the  excess  of  acid  being  driven  off  by  heat.  It 
was  found  that  100  Te  gave  124.8  teilurious  acid.  (Poqaend. 
Ann.,  S,  1826,  24.) 

J.  J.   Berzelius  :   lS8.m   (O  =  16) ;  801.76    CO  = 
100).  '  ^ 

Determined  as  before  but  with  purer  material.  Throe 
experiments  were  made,  which  gave  802.838, 801.786, 801.74. 
Berzelius  took  the  mean  of  the  latter  two.  The  tellurium 
was  prepared  from  tetradjmite  by  heating  with  potassium 
carbonate  and  olive  oil  in  a  closed  crucible,  dissolving  the 
potassium  telluride  so  formed  in  water  free  from  air,  pre- 
cipitating the  tellurium  by  a  current  of  air  and  distilling  it 
in  a  current  of  hydrogen.     {Poggend.  Ann.,  SS,  1834,  16.) 

K.  VOH  Haubr  :  128.06  (  0  =  16). 

Determined  from  the  mean  of  five  experiments  on  the 

Srecipitation  of  bromine  with  argentic  nitrate  from  the 
ouble  bromide  of  potassium  and  tellurium.  The  bromine 
contents  was  found  to  be  69.923G  per  cent.,  for  Ag  =  108.1 ; 
Br  =  80;  extreme  difference  0.172.  If  K  =  39.2,  the 
value  follows.  The  salt  was  prepared  by  mixing  tellurium 
and  potassic  bromide  in  atomic  proportions,  adding  water 
and  bromine,  heating  to  drive  off  excess  of  bromine  and 
repeated  recrystallization.  {Erdrmnn^s  Journ.  fur  Frak, 
Chem.,  73,  1858,  98 ;  Sitz-Berieht  der  k.  k.  Acad.) 

J.  Dumas:  129  (0  =  16). 

No  details  are  given.  (Anml.  de  Ckim.  ei  de  Phys.,  (3,> 
SS,  1859,  129.)  -^    M  .; 


Eegnault  determined   the  specific  heat  of  thallium.     It 
agrees  with  an  atomic  weight  of  204.     {Gnielin-Kraut,  I.  c.) 

■   A.  Lamy  ;  204  (0  =  16). 
Three  analyses  of  the  chloride  with  argentic  nitrate  gave 
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a  mean  of  204 ;  extreme  difference  1.2.  An  experiment  on 
the  precipitation  of  the  sulphate  with  barium  nitrate  gave 
204.3.  [The  atomic  weights  used  were  probably  those  ac- 
cepted by  Dumas,]  The  salts  were  purified  by  reerystalli- 
zation.     {Annal  de   Ckim.  et  de  Phys.,  (3,)  67,  1863,  411.) 

W.  Crookbs  :  202.96  (O  =  16). 

These  determinations  were  made  from  the  sulphate,  which 
was  prepared  with  great  care.  By  decomposing  the  sulphate 
with  potassie  iodide  and  weighing  the  thallic  iodide  formed, 
the  atomic  weight  was  found  at  202.73;  by  precipitation 
with  barium  nitrate,  203.55;  with  chlorhydric  acid  and 
alcohol,  thaliic  chloride  being  weighed,  201.85 ;  from  the 
amount  of  sulphate  produced  from  a  known  weight  of  metal, 
203.1 ;  by  precipitation  with  platinum  chloride,  203.56.  The 
values  taken  for  CI,  I,  etc.,  are  not  given ;  [they  were  prob- 
ably those  accepted  by  Dumas,]  (Erdmann's  Journ.  fur 
Prak.  Chem.,  9^,  1864,  277  ;  Chem.  News.) 

H.  "Wbrther  : .  204  (0  =  16). 
In  five  experiments  Werther  decomposed  thallic  iodide 
with  potassie  hydrate  and  zinc,  both  perfectly  pure,  and 
precipitated  the  iodine  with  silver.  The  mean  result  of 
these  experiments  was  Tl  =  204.4  ;  extreme  difference  1.7. 
[The  value  assumed  for  I  is  not  stated.  One  experiment, 
which  gave  exactly  204,  according  to  Werther,  recalculated 
for  Ag  =  107.93;  1  =  126.85  gives  Tl  =  203.63.]  Three 
experiments  were  made  by  decomposing  the  iodide  with 
aramoniacal  solution  of  argentic  nitrate  and  weighing  the 
argentic  iodide  formed.  These  determinations  gave  Tl  = 
203.47 ;  extreme  difference  0.3.  The  preparation  of  the 
iodide  is  not  given.  [Erdmann's  Journ.  fur  Prak.  Chem.,  9S, 
1864,  136.) 

M.  Hebberling  :  203.94(0  =  16). 
Hebberling  made  three  experiments  on  the  sulphate  by 
precipitation  with  barium  chloride,  which  gave  in  mean  Tl 
=  204.13;  extreme  difterence  0.2.  He  also  made  two  ex- 
periments on  the  chloride  by  precipitation  with  argentic 
nitrate.  These  gave  203.8  and  203.3.  The  atomic  weights 
assumed  are  not  stated.  [If  Ag  =  107.93 ;  CI  =  35.457  ; 
the  first  analysis  of  the  chloride  gives  Tl  =  203.44.  The 
data  for  the  second  analysis  are  misprinted.  If  a  probable 
correction  of  a  single  figure  is  made,  the  data  ^ve  Tl  = 
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203.026.]  The  salts  were  purified  by  recrystallization 
{Liebig's  Ann.,  134,  1865,  11.) 

W.  Ceookes  :  204:155  (0  =  16). 

_  Determined  by  experiments  onthe  solution  of  metallic  thal- 
lium in  nitric  acid  and  evaporation  to  dryness.  The  number 
ia  the  mean  of  ten  experiment*;  extreme  difference,  0.038. 
The  balance  stood  iu  a  partial  vacuum,  and  the  weighings 
were  made  at  two  different  pressures  and  calculated  for 
vacuum.  Very  elaborate  precautions  were  taken  through- 
out. CrQokes  also  mentions  determinations  made  mth 
barium  nitrate,  but  gives  no  data.  The  thallium  was  pre- 
pared in  seven  different  lots  by  the  reduction  of  as  many 
different  salts  which  had  been  purified  by  recrystallization 
&c.  The  metal  was  fused  in  lime.  The  reagents  were  ex- 
pecially  prepared  by  methods  similar  to  those  of  Stas 
Crookes  took  N  =  14.009,  0  =  15.96,  and  calculated  for  Tl 
the  value  203.642.  [If  O  =  16,  the  value  becomes  204.155  1 
{Phil.  Trans.,  163,  1873,  277.) 


THORIUM. 


From  the  isomorphism  existing  between  thorium,  tin, 
and  titanium,  and  from  the  similarity  of  thorium  to  zir- 
conium, Delafontaine  and  Marignac  believe  the  oxide  to 
contain  two  atoms  of  oxygen.  {Liebig's  Ann.,  131,  100.) 
Keither  the  specific  heat  of  this  element  nor  the  vapor 
density  of  any  of  its  compounds  has  been  determined  so 
far  as  I  know. 

J.  J.  Berzelius;  ^38  (0  =  16);  1887.72  (0  =  100). 

From  the  sulphate,  precipitated  by  heating  a  solution  of 
the  salt  and  redissolved  in  cold  water,  Berzelius  got  tbe 
values  748.493  and  735.713  by  precipitating  with  barium 
chloride.  He  also  analysed  the  doable  sulphate  of  potas- 
sium and  thorium.  From  the  relation  between  the  sul- 
phuric acid  and  the  thorium  oxide  found,  the  atomic  weight 
would  seeni  to  be  750.63,  while  the  relation  between  the 
potassic  sulphate  obtained,  and  the  amount  of  oxide  gives 
740.6.  These  numbers  are  calculated  on  the  supposition 
that  tho  oxide  contains  a  single  atom  of  oxygen.     Ba  = 
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«65.29,  S  =  200.75,  K  ^  488.856.     {Poggend.  Ann.,  16, 1829, 
398,  and  Lehrbuck,  3,  1224.) 

J.  J.  Chydenius  :  236.64  (0  =^  16). 
This  chemist  analysed  the  sulphate,  the  double  sulphate 
of  potassium  and  thorium,  the  oxalate,  the  acetate  and  the 
formate,  getting  results  which  vary  from  228.52  to  243.76. 
He  averages  with  his  own  reaulta  analyses  made  by  Ber- 
zelius  and  by  Berlin,  which,  however,  alter  the  result  in- 
appreciably. According  to  Delafontaine,  the  methods 
employed  for  purification  are  ineffectual.  ChydeniuB 
assumes  a  single  atom  of  oxygen  in  the  oxide.  (Poggend. 
^m,W9,  1863,  55.) 

K.  J.  Berlin  :  231.64  (0  =  16). 

Chydenius  reports  two  analyses  of  the  oxalate  by  Berlin 
which  gave  for  thorium  57.87  and  57.95,  or  231.48  and 
231.80.     {Poggend.  Ann.,  119,  1863,  56.) 

M.  Dblafoktaine  :  231.5  (0  ^  16). 
Determined  from  analyses  of  the  sulphate.  'Pourteen 
experiments  on  the  decomposition  of  this  salt,  by  the  heat 
of  a  strong  double-draught  lamp,  gave  a  mean  of  52.51  per 
cent,  oxide ;  extreme  difference,  0.83.  In  three  experiments 
the  sulphur  contents  of  the  salt  was  determined  by  precipi- 
tation with  barium  chloride  after  the  sulphate  had  been 
decomposed  with  ammonium  oxalate.  The  mean  amount 
of  sulphuric  anhydride  so  fouud  was  31.92  per  cent.;  ex- 
treme difEerence,  0.78.  Three  experiments  on  the  water 
contents  gave  15.68  per  cent;  extreme  difference,  0.21. 
The  sum  of  these  means  is  100.11.  The  value  of  thorium 
was  calculated  from  the  relation  of  the  oxide  to  the  sul- 
phuric anhydride  for  S  =  32,  Ba  =  137.  The  salt  was^pre- 
pared  from  thorite  and  from  orangite  by  decomposition 
with  sulphuric  acid  and  recrystallization  of  the  sulphate 
with  the  help  of  heat.  The  purification  was  continued 
until  the  crystals  and  the  mother  liquor  had  exactly  the 
same  composition.  Marignac  assisted  at  this  investigation. 
(Xie%'s  Ann.,  131,  1864,  100.) 

P.  T.  Clbve:  233.88  (0  =  16). 
Cleve  made  six  analyses  of  the  anhydrous  sulphate,  get- 
ting in  mean  Th  =  233.8 ;  extreme  difference,  1.36.     From 


.yGoogle 


I^ii  ATOMIC    WEIGHT    DETERMINATIONS. 

analyses  of  the  oxalate  he  got  233.97;  extreme  difference, 
0.6.  (Kopfs  Jakresbenckt,  1874,  261;  Bull.  Soc.  Chim., 
(2,)  $1,  116.) 


Regnault  and  Kopp  have  each  determined  the  specific 
heat  of  tin.  It  agrees  with  an  atomic  weight  of  about  118. 
Dumas,  Cahours  and  others  have  determined  the  vapor 
density  of  volatile  tin  compounds  with  a  similar  result. 
(Gmelin-Kraut,  I.  e.;  L.  Meyer,  I.  c.) 

J.  J.  Berzblids;    117.64.7  (0  =  16):  735.294(0  = 
100). 

Berzelius  determined  this  value  by  oxidizing  pure  tin  foil 
by  means  of  nitric  acid  and  weighing  the  oxide.  He  found 
100  tin  =  127.2  stannic  acid,     (jpoggend.  Ann.,  8, 1826, 184.) 

G-.  J.  Mulder  :  116.112(0  =  16);  725.7   (0  =  100). 

Two  experiments  were  made  by  oxidizing  tin  with  nitric 
acid,  evaporating,  drying,  and  heating  to  redness.  They 
gave  each  100  tin  :=  127.56  stannic  acid;  whence  the  value. 
All  possible  precautions  are  said  to  have  been  taken.  The 
metal  was  prepared  by  the  reduction  of  pure  oxide  with 
soot  and  a  flux.  {Eramann's  Joum.  fur  Frak.  Chem,,4S, 
1849,  35  ;  ScMikundige  Onderzoek.,  5.    I)eel,  260.) 

0.  L.  Vlaanderen  :  about  118.  (0  =  16). 

Determined  from  experiments  on  the  oxidation  and  re- 
duction of  tin  and  stannic  acid  in  vessels  of  various  ma- 
terials. The  experiments  regarded  as  the  most  accurate 
were  made  on  the  reduction  of  the  acid  in  a  current  of 
hydrogen  in  porcelain  vessels.  The  acid  had  been  heated 
in  platinum.  These  experiments  gave  59.04  and  59.12. 
Stannic  acid  heated  in  glass  or  porcelain  was  found  to 
retain  nitric  acid.  (Kopp's  Jakresbmchi,  11,  1858,  138 ; 
Mulder,  Scheikundige  Verh.  en  Onderzoek.,  2.  Deel,  150.) 

J.  Dumas:  118.08  (0  =  16). 

Two  experiments  were  made  on  the  oxidation  of  pure 
tin  by  nitric  acid.     The  stannic  acid  being  heated  white 
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hot  in  platinum  vessels  gave  for  the  atomic  weight  59.1 
and  58,96,  The  tin  employed  was  prepared  from  pure 
chloride.  Two  experiments  on  the  titration  of  the  chlo- 
ride with  argentic  nitrate  gave  59.06  and  59,03.  Ag  ^= 
108,  CI  =  35,5.  {Annal.  de  Ckim.  et  de  Fhjs.,  (3,)  55,  1859, 
156.) 


TITANIUM. 


The  specific  heat  of  titanic  acid  has  been  determined  by 
Eegnault  and  by  Kopp,  and  indicates  an  atomic  weight  of 
about  50.  Dumas  determined  the  vapor  density  of  the 
tetrachloride  at  6.836.  [If  the  molecular  weight  of  0  = 
32,  and  if  CI  =  35.457,  this  gives  Ti  =  56.025.]  {Gmelin- 
Kraut,  I  c,  and  Foggend.  Ann.,  9,  1827,  441.) 

H.  Rose  ;  61.17  {0  =  16). 

Determined  by  roasting  titanium  sulphide  and  weighing 
the  titanic  acid  formed.  Tbe'highest  result  obtained  was 
1.017  sulphide  from  0.757  acid.  This  result  Rose  adopted  on 
the  supposition  that  an  excess  was  impossible,  ]?or  S  = 
201.16  these  data  give  T\  =  6S.m  (0  =  16);  389.1  (0  = 
100.)  [If  S  =  32,  Ti  =  61.17.]  The  sulphide  was  prepared 
by  heating  titanic  acid  in  a  current  of  carbon  disulphide. 
{Gilbert's  Ann.,  7S,  1823,  135.) 

Rose  subsequently  expressed  the  opinion  that  the  sulphide 
employed  in  this  analysis  was  impure,  and  contained  unde- 
coniposed  titanic  aeid,  but  afterwards  came  to  the  conclu- 
sion that  it  was  perfectly  pure,  accounting  for  the  variation 
of  the  results  from  those  he  obtained  later  by  the  theory 
that  the  sulphide  and  the  oxide  of  this  element,  like  those 
of  tantalium,  were  entirely  dissimilar  compounds.  Marig- 
nae  has  shown  that  tantalium  sulphide  is  of  normal  consti- 
tution.    [Foggend.  Ann.,  99,  1856,  576.) 

H.  Rose:  48.28  (0  =  16). 

Titanium  chloride  was  decomposed  with  water,  titanic 
acid  precipitated  by  ammonic  hydrate,  and  the  chlorine 
precipitated  from  the  filtrate  with  argentic  nitrate.  Taking 
Ag  =  1351.607,  01  =  221.325;  Rose  calculated  the  chlorine 
contents  in   four  experiments  at  from  74.43  to  74.53  per 
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cent ;  mean  74.46  and  Ti  at  303.686.  According  to  Gmelin- 
Kraut,  these  analyses  recalculated  for  Stas's  values  give  Ti 
=  48.28.  The  ehloricie  was  prepared  by  the  action  of  chlo- 
rine on  a  mixture  of  titanic  acid  and  carbon,  and  was  recti- 
fied four  or  five  times  over  potassium  and  mercur}'.  It  was 
clear  and  developed  no  chlorine  on  decomposition  with 
water.     {Pogyend.  Ann.,  15,  1829,  145.) 

C.  G.  MosAKDiSK :  47.33  (0  =  16) ;  295.81  (O  =  100). 
Mosandcr  determined  the  oxygen  contents  of  titanic  acid 
at  from  39.83  to  40.82  per  cent. ;  mean  40.427.  Mosander 
never  described  the  method  of  analysis.  [The  oxygen  con- 
tents was  probably  determined  from  the  chloride,  for  the 
above  data  give  Ti  =  294.7,  while  Berzeliue  records  the  de- 
termination as  having  given  295.81.]  (Poggend.  Ann.,  19, 
1830,  212,  and  Berzelius'  Lekrbuch,  3,  1211.) 

J.  Pierre  :  50.36  (O  =  16). 

Determined  by  three  experiments  on  the  titration  of  the 
chloride  with  argentic  nitrate  by  Pelouze's  method.  Pierre 
does  not  give  the  values  taken  for  CI  and  Ag.  He  calcu- 
lates the  atomic  weight  of  Ti  at  314.69.  [If  Ag  =  107.93, 
CI  =  35.457;  his  data  give  Ti  =  314.75  (0  =  100);  50.36 
(0=16),  with  an  extreme  difference  in  the  latter  case  of 
0.08.]  He  made  two  other  determinations  giving  lower 
results,  but  it  was  found  that  the  ehloride  employed  was 
slightly  decomposed  by  contact  with  air.  The  chloride 
was  prepared  from  artificial  titanic  acid  which  was  free 
from  iron,  and  was  further  purified  by  fractional  distilla- 
tion.    {Annal.  de  Chim.  et  de  Phys.,  (3,)  SO,  1847,  257.) 

A.  Demoly  :  56.51S  (0  =  16). 

Determined  by  experiments  on  the  tetrachloride.  The 
salt  was  decomposed  with  water,  the  titanic  acid  precipi- 
tated by  ammonic  hydrate,  and  the  chlorine  precipitated  in 
the  filtrate,  after  the  excess  of  ammonic  hydrate  had  been 
volatilized  and  the  solution  acidified.  Both  precipitates 
were  weighed.  Demoly  calculates  the  atomic  weight  of  Ti 
at  350,  without  mentioning  what  values  he  accepted  for 
silver  and  chlorine.  [If  Ag  =  107.93,  01  =  35.457;  the 
atomic  weight,  calculated  from  the  argentic  chloride,  is 
853.2  (0  =  100) ;  or  56.512  (0  =  16),  with  an  extreme  differ- 
ence in  the  three  experiments  of  0.88  for  0=16.]  The 
chloride  was  prepared  from  rutile  by  preliminary  conver- 
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sion  into  nitride,  &e.  It  was  purified  by  rectification  over 
mercury  and  potaseiuni.  (Liebig's  Ann.,  72,  213 ;  Laurent 
and  Gerliardi,  Corn-pies  Rend.,  1849,  325.) 


TUNGSTEN. 


Regnault  baa  determined  the  specific  heat  of  tungsten, 
and  RoBcoe  the  vapor  density  of  the  chloride.  These  ex- 
periments place  the  atomic  weight  of  tungsten  at  about  184. 
[Gmdin-Kraut,  L  c;  L.  Meyer,  I.  c.) 

J.  J.  BERZELitJS:  189.m  (0  =  16);  1183.355  (0  = 
100). 

A  weighed  quantity  of  tungstie  acid  was  reduced  in  a 
current  of  hydrogen,  again  weighed,  then  re-oxidized  and 
reweighed.  The  number  is  the  mean  result  of  the  two 
operations.  The  number  is  given  in  Berzelius'  Lehrbuck 
as  1188.36  with  the  data,  wliich  are  also  given  in  Poggend. 
Ann.,  8,  23.  It  is  pointed  out  in  Graham-Otto  that  this 
value  must  be  misprinted,  an  observation  which  I  have 
verified.     [Poggend.  Ann.,  j.,  1825,  152.) 

Berzelius  made  an  earlier  determination  than  the  fore- 
going by  the  oxidation  of  the  sulphide,  getting  1207.  _  He 
points  out  the  source  of  error  in  this  experiment  arising 
from  the  formation  of  irreducible  sulphate.  (Berzelius' 
Jahresbericki,  5,  1825,  121.) 

E.  Schneider  :  184.12  (0  =  16) ;  1150.78  (0  =100). 
Schneider  made  five  experiments  on  the  reduction  of 
tungstie  acid  with  hydrogen  in  a  porcelain  tube  heated  by 
a  charcoal  fire.  These  analyses  gave  the  mean  contents  of 
the  acid  at  79.316  tungsten  per  hundred ;  extreme  differ- 
ence, 0.096.  This  composition  corresponds  to  an  atomic 
weight  of  1150.39.  He  also  made  three  experiments  on 
the  combustion  of  tungsten,  getting  a  mean  of  79.327 
tungsten  per  100  acid ;  extreme  difference,  O.OOfi,  or  an 
atomic  weight  of  1151.17.  The  value  taken  is  the  mean. 
The  tungstie  acid  was  prepared  by  'decomposing  ammonio- 
tungstic  sulphide  with  chlorhydric  acid,  washing  the  pre- 
cipitate with  acid,  solution  in  ammonia,  reprecipitation  with 
chlorhydric  acid,  and  so  on  until  a  perfectly  pure  product 
was   obtained.      The  tungstie  acid  was  finally  dried  and 
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heated  to  rednesa.     (Erdmann's  Journ.  fur  Prak.  Chem.,  SO. 
1850,163.) 

R.  P.  Marchanb  ;  I84.J  (0  =  16) ;  1150.6  (O  =  100). 
Determined  from  two  experinienta  on  the  roduction  of 
tungstie  acid  in  a  current  of  hydrogen,  and  two  experiments 
on  the  combustion  of  tungeten.  These  determinations 
were  made  in  the  same  manner  aa  and  at  the  same  time 
with  Schneider's.  The  extreme  difference  was  3.5  for  0  — 
100.     {Liebig's'Ann.,  77,  1851,  263.) 

J.  B.  VON  BoRCK:  183.816  (0  =  16);  1148.85  {0  = 
100).  ^ 

Determined  by  seven  experiments  on  the  reduction  of 
tungstic  acid  at  a  white  heat  by  hydrogen,  and  bv  two  ex- 
periments on  the  combustion  of  tungsten.  The  number  is 
the  mean;  extreme  difference,  10.38  for  0  =  100.  The 
tungstic  acid  was  prepared  from  Wolframite  by  fusing  the 
mineral  with  potassium  carbonate,  solution  in  water  con- 
taining alcohol,  precipitation  with  calcic  chloride  and  de- 
composition of  the  calcic  tungstate  with  chlorhydric  acid. 
The  tungstic  acid  soprodacedwas  converted  into  ammonium 
salt  which,  on  decomposition,  yields  a  compound  free  from 
iron  and  manganese.  (Mrdmann's  Journ.  hr  Prak.  Chem.. 
54.,  1851,  254.) 

A.  Kiche:  174  (0  =  16). 

This  value  was  reached  by  five  determinations  of  the 
arnount  of  water  produced  by  the  reduction  of  tungstic 
acid  in  a  current  of  hydrogen,  which  gave  a  mean  of  87.07  ; 
extreme  difference,  1.78.  The  tungstic  acid  was  obtained 
by  heating  the  ammonium  salt,  or  by  the  decomposition  of 
the  oxychloride  produced  by  heating  tungstic  acid  and 
carbon  in  a  current  of  chlorine.  (Annal.  de  Ckini.  el  de 
Phys.,  (3,)  50,  1857,  10.) 

J.  Dumas:  I84.  (0  =  16). 

Dumas  made  six  experiments  on  the  reduction  of  tungstic 
acid  in  hydrogen  at  a  high  temperature  in  a  nacelle  of  un- 
glazed  porcelain,  and  two  experiments  on  the  titration  of 
the  chloride  with  argentic  nitrate.  The  extreme  difference 
between  the  results  was  0.6fl  for  0  =  8.     The  acid  was  pre- 
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pared  by  gently  heating  the  ammonium  salt  in  a  muffle, 
{Anml  de  Chim.  etde  Pkys.,(Z,)  55,\%b%  144.) 

Y.   A.  Bernoulli  :    186.8    (O  =  16) ;    1167.5  (0  = 
100). 

Bernoulli  made  five  experiments  on  the  reduction  of 
tungstic  acid  by  bydrogen  in  a  porcelain  tube  at  a  very 
high  temperature,  two  experiments  on  the  amount  of  water 
formed  in  reduction,  and  four  experiments  on  the  oxidation 
of  tungsten.  The  mean  result  was  W  =  93.41 ;  extreme 
difference,  0.75.  [If  experiment  9,  in  which  oxidation 
seems  to  have  taken  place,  is  left  out,  the  mean  becomes 
98.35 ;  extreme  difference,  0.18.]  The  tungstic  acid  was 
prepared  from  ammonium  tungstate  which  had  been  boiled 
for  several  days  with  nitric  acid.  The  tungstic  acid  was 
heated  to  redness.  One  part  of  it  was  green,  another  part 
yellow.  The  determinations  from  the  different  colored 
acids  did  not  differ,  and  Bernoulli  considers  them  isomeric 
modifications  of  the  same  compound.  There  appear  to  be 
misprints  in  the  data  given.  [Poggend.  Ann.,  Ill,  1860, 
699.) 

C.  ScnEiBLER  :  184  (O  =  16). 

Scheibler  reached  this  value  by  five  determinations  of 
the  water  contents  {9  molecules)  of  barium  metatungstate. 
Prom  determinations  of  the  barium  and  the  tungsten  in 
the  same  compound  Scheibler  reached  other  values,  but  he 
regards  the  water  determination  ss  the  most  trustworthy. 
{Erdmann's  Jimm.  fur  Prak.  Ckem.,  83,  1861,  328.) 

E.  Zettnow:  183.952  fO  =  16). 

Determined  from  analyses  of  ferrous  tungstate  and 
a,rgentic  tungstate.  A  known  weight  of  ferrous  tungstate 
was  melted  with  sodium  carbonate  and  the  mass  dissolved. 
The  ferric  hydrate  was  thoroughly  washed,  dissolved  in 
chlorhydrie  acid,  reduced  to  ferrous  chloride  with  zinc  of 
known  composition,  and  titrated  with  potassic  permanga- 
nate in  several  measured  portions.  Pour  such  series  of 
experiments  were  made,  and  gave  a  mean  of  92.038  for  W ; 
extreme  difference,  0.33.  The  ferrous  tungstate  was  pre- 
pared by  melting  pure  anhydrous  sodium  tungstate  with 
ferrous  chloride  and  sodium  chloride,  dissolving,  separat- 
ing impurities,  crystallizing,  washing  the  crystals  with 
water,  chlorhydrie  acid  and  sodium  carbonate.     The  argen- 
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tic  tungstate  waa  decomposed  with  nitric  acid  and  titrated 
with  sodium  chloride  or  decomposed  with  hot  eodium 
chloride  solution,  the  argentic  chloride  being  weighed. 
Five  experiments  gave  a  mean  of  91.915  for  W" ;  extreme 
difference,  0.13.  The  argentic  tungstate  was  prepared  by 
the  precipitation  of  sodium  tungstate  with  argentic  nitrate^ 
thorough  washing  and  drying  in  yellow  light.  The  per- 
manganate solution  waa  prepared  according  to  Mohr  and 
tested  with  ammonio-ferrons  sulphate,  Fe  =^  28,  Ag  ^= 
108.     {Poggend.   Ann.,  130,  1867,  30.) 

H.  E.  KoscoB  T  184.04  {0  =  16). 

Determined  by  reducing  tungstic  acid  in  a  current  of 
hydrogen,  by  reoxidizing  the  metal,  and  by  reducing  the 
chloride  in  a  current  of  hydrogen,  the  chlorhydrie  acid 
being  condensed  and  estimated  as  argentic  chloride.  In 
the  experiments  on  the  acid,  that  compound  was  reduced, 
and  reoxidized  three  times  with  almost  identical  results. 
The  mean  of  the  second  and  third  reductions  of  the  same 
sample  gave  "W  =;  183.84.  In  the  experiments  on  the 
chloride,  the  chlorine  and  the  tungsten  were  each  deter- 
mined, and  gave  a  mean  of  184.25  for  CI  =  35.5.  .The 
tungstic  acid  was  prepared  by  the  decomposition  of  the 
chloride,  washing  and  heating  to  redness  in  a  platinum 
vessel.  It  was  canary  yellow.  The  chloride  was  prepared 
from  pure  tungsten.     {LieUg's  Ann.,  16S,  1872,  366.) 


URANIUM. 


No  certainty  exists  as  to  the  relation  between  the  equiva^ 
lent  and  the  atomic  weight  of  uranium.  The  latter  is  com- 
monly accepted  as  about  120.  Mendelejeft'  gives  grounds 
for  supposing  it  to  be  240,  {lAebig's  Am.,  S.  8,  1871,  178,) 
and  L.  Meyer  regards  it  as  probably  180,  a  value  which 
accords  well  with  the  specific  heat  of  the  black  oxide  as 
observed  by  Rcgnault.  {CrmeUn-Kraut,  I.  c.)  For  the  pur- 
poses of  this  paper  it  seems  best  to  retain  the  customary 
value. 

J.  A.  Arfvbdson  :  1S8.6  (O  =  16). 
Determined  by  experiments  on  the  reduction  of  uranoso- 
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nranic  oxide  and  on  the  oxidation  of  uranous  oxide.  By 
combustion  of  uranous  oxide  in  oxygen  he  found  in  two  ex- 
periraenta  that  100  oxide  combined  with  3.695  and  with 
3.73  oxygen.  From  the  reduction  of  the  green  oxide  he 
found  that  100  uranous  oxide  combine  with  3.67  oxygen. 
He  deduces  as  the  mean  3.688.  Regarding  uranous  oxide 
as  the  metal,  Arfvedson  calculated  the  atomic  weight  at 
2711.36.  [If  the  lower  oxide  is  a  protoxide,  the  data  give 
128.6  for  0  =  16.]  The  uranous  oxide  was  prepared  from 
pitchblende  by  solution  in  aqua  regia,  precipitation  of  heavy 
metals  with  hydrogen  sulphide,  precipitation  with  amnionic 
hydrate,  solution  in  ammonium  carbonate  to  remove  iron, 
reprecipitation,  heating  to  redness,  washing  with  chlorydric 
acid  to  remove  impurities,  and  reduction  in  hydrogen. 
(Poggmd.  Ann.,  1, 1824,  254.) 

E.  PELIGOT  :  119.1^8  (0  =  16) . 
In  two  experiments  the  amount  of  carbon  in  the  acetate 
was  found  to  be  11.27  and  11.3;  mean  11.285.  In  one  ex- 
periment the  uranic  oxide  was  determined  at  67.3  per  cent. 
[From  these  data  the  above  value  follows.]  Peligot  takes 
120  or  750,  C  =  75.  The  preparation  of  the  salt  is  not 
given.  Pcligot  mentions  the  oxalate  and  gives  analyses, 
but  does  not  deduce  an  atomic  weight  from  them.  {Annal. 
de  Chim.  et  de  Pkys.,  (3,)  5,  1842,  39.) 

J.  J.  Ebelmeh:  11S.86  (0^16);  742.875  (0  = 
100). 
Ebelmen  made  six  experiments  on  the  reduction  of  the 
oxalate  to  uranous  oxide  by  hydrogen  and  heat.  The  value 
follows  with  an  extreme  diflerence  of  0.65  for  C  =  75  ;^H 
=  12.5.  All  the  weighings  were  reduced  to  vacuum.  To 
obtain  pure  oxalate,  the  nitrate  was  precipitated  by  oxalic 
acid  and  this  preparation  decomposed  by  heat.  The  oxide 
thus  obtained  was  digested  with  chlorhydric  acid,  washed, 
dissolved  in  nitric  acid,  recrystallized,  and  precipitated  with 
oxalic  acid.  The  oxalate  was  dried  at  100°.  According 
to  Rammelsberg  the  reduction  of  the  oxalate  is  accompa- 
nied by  the  separation  of  carbon  which  remains  with  the 
oxide.     {Annal  de  Chim.  et  de  Pkys.,  (3,)  5, 1842,  189.) 

Bbrzblius,  Arfvedson,  Marchand  :  128.4  (0  =  16) ; 
802.49  (0  =  100). 
While   Arfvedson  was   making  bis  first  determination, 
Berzelius  also  made  an  experiment  on  the  combustion  of  ura- 
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noas  oxide  getting  103.685  nranic  from  100  uranous  oxide 
Marohand  {Erdmcm's  Journ.  fur  Prak.  aim.,  m  1841 
498)  got  in  tlie  same  way  103.668.  Tlie  average  of  the 
oombuBtion  experiments  of  all  three  chemists  is  103  694 
r  ■  ;r«?'','f  1'°'  "'""lates  the  value.  {BerztUus-  Jakres- 
u'-  ?■  1?42,.113.)  Peligot  and  Rammel.herg,  as  well 
as  Marohand  point  out  faults  in  this  method,  eu5h  as  the 
probable  condensation  of  hj-drogen  in  the  protoxide  and 
1843   41   °°^  '°  '°™  '''^''°'  ™''''''-     (■?««»*  ^nn.,  19, 

C.  Rammelsberq. 

This  chemist  made  experiments  on  the  rednotion  hv 
hydrogen  of  the  green  oxide,  prepared  in  varioos  ways" 
and  got  results  varying  from  ,580.4  to  767.6  for  O  =  100 
(Pcggnid.  Ann.,  59,  1843,  9.)  By  precipitation  of  uranons 
chloride  with  silver  he  reached  the  number  787.5  for  01  = 
442.65.  The  chlorine  contents  found  varies  in  three  ex- 
periments from  73.89  to  74.46.  The  chloride  was  prepared 
by  heating  uranous  oxide  in  an  atmosphere  of  chlorine 
{Poggmd.  Ann.,  56,  1842,  321.) 

J.  WiETHEIM  1   n9.4£  (0  =  16);   746.36  (0  =  100). 

Determined  by  three  experiments  on  the  decomposition 
ot  the  double  acetate  of  uranium  and  sodium.  The  mean 
loss  of  acetic  acid  by  heating  the  salt  to  redness  was  32  477 
per  cent;  extreme  difierence,  0.036.  The  number  follows 
?=',  ="  V"'  '^  =  ^■^*'  '^^  =  ^^"■^-  P"  P'Sgaid.  Ann.,  57, 
484,an  abstract  IS  given  of  a  paper  read  before  the  academy 
(of  Berhn !)  by  Mitscheriich,  in  which  he  states  that  Wert- 
heim's  experiments  above  described  give  740.512  Berze- 
hus  in  his  Jahreaberieht,  S3,  137,  makes  or  quotes  the  same 
statement,  so  also  does  Raramelsberg,  Paggtnd  Ann  59 
4  and  it  has  been  repeated  elsewhere.  I  have  recalcuikted 
the  data  given  by  Wertheim  and  find  the  results  correctly 
deduced  in  hie  own  report.  For  Ha  =  23.043  (Stas) :  the 
data  give  U  =  119.53.]  The  salt  was  prepared  from  urani- 
nite  by  solution  in  nitric  acid,  precipitation  with  hydrogen 
sulphide,  evaporation  of  the  filtrate  to  dryness,  solution 
in  hot  water,  crystallization  and  recrystallization,  heating 
the  crystals  to  drive  off  nitric  acid,  solution  in  acetic  acid, 
digestion  with  sodium  carbonate  and  recrystallization 
{Jljrdmarm's  Journ.  fur  Prak.  Chem.,  ^9,  1843  209  ) 
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C.  Kammelsberq  :  about  120  (0  =  16). 
Determined  in  six  experiments,  undertaken  at  Eerzelius' 
suggestion,  by  treating  uranoua  oxide  with  nitric  acid  and 
sulphuric  acid  and  weighing  the  sulphate.  It  is  very  diffi- 
cult to  weigh  the  uranous  oxide  which  constantly  increases 
io  weight.  Two  experiments  were  made  on  the  green 
oxide,  which  was  prepared  either  by  heating  uranous  oxide, 
or  the  nitrate,  in  air.  Two  experiments  were  made  on 
magnesium  uraniate  by  dissolving  the  compound  in  nitric 
acid  and  heating  to  redness.  The  compound  was  found 
unstable  in  character.  One  experiment  was  made  by  heat- 
in"  the  double  acetate  of  uranium  and  sodium  and  three 
experiments  by  heating  the  double  acetate  of  barium  and 
uranium.  The  results  obtained  varied  from  633.17  to 
753.76.  Rammelsberg  considers  the  determinations  confir- 
matory of  "Wertheim's  and  Eheimen's.  (Foggend.  Ann., 
66,  1845,  95.) 

E.  Pbligot:  120  (0  =  16);  760  (0  =  100). 
Determined  by  combustion  of  the  oxalate  in  a  current  of 
air,  both  the  carbonic  acid  and  the  green  oxide  of  uranium 
being  weighed.  At  first  Peligot  got  only  730  as  the  atomic 
weight  by  this  process,  but  by  repeating  the  recrystalliza- 
tioii  of  the  salt  until  determinations  gave  constant  results, 
he  got  a  mean  of  750.  He  says  that  he  came  to  the  same 
value  by  comparing  the  amount  of  uranic  oxide  obtained 
from  the  acetate  with  the  weight  of  the  salt  employed. 
[Paris  C'omptes  Mend.,  22,  1846,  487.) 


Eoscoe  has  determined  the  vapor  density  of  vanadium 
chloride.  It  agrees  with  an  atomic  weight  of  about  51. 
{L.  Meyer,  l.  c.) 

J.  J.   Berzelius  ;  5^.47  (O  =  16). 

Eerzelius  made  four  experiments  on  the  relation  between 
the  higher  and  the  lower  oxides  of  vanadium,  three  by  re- 
duction with  hydrogen  at  a  very  high  temperature  and  one 
by  oxidation.  He  supposed  the  higher  oxide  to  have  the 
formula  VOj,  and  the  lower  VO,  and  consequently- got  for 
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the  atomic  weight  the  number  855.84  (0  ^  100).  R. 
Schneider  has  shown  that  the  data  aa  given  byBerzeiius  are 
discordant,  {Poggend.  Ann.,  88,  319,)  a  fact  of  small  import- 
ance in  vii3vv  of  the  succeeding  investigation.  The  higher 
oxide  analyzed  by  Berzelius  was  produced  by  gently  heat- 
ing the  ammonium  salt.  {Poggend.  Ann.,  22,  1831  14  ■ 
Kovgl.   Vef.  Akad.  JSandL,  1831.) 

Roscoe  examined  some  ammonium  vanadate  which  Ber- 
zelius had  sent  Faraday  and  found  that  it  contained  phos- 
phorus.    (Liebig's  Ann.,  8,  6,  1868,  93.) 

II.  E.  Roscoe:  51.33  (0  =  16). 

Roscoe  made  four  experiments  on  the  reduction  of  vaiia- 
dic  acid  (V^  O5)  in  carefully  purified  hydrogen.  The  acid 
was  prepared  from  ammonium  vanadate.  To  free  this 
compound  from  phosphorus  and  silicic  acid  it  was  powdered, 
decrepitated  with  sodium  in  an  iron  crucible,  washed  with 
water  and  with  ehlorhydric  acid,  re-oxidized  with  nitrie 
acid,  chloridized  in  a  current  of  ehloriue,  the  chloride  rcc- 
tiiied  and  decomposed  with  water.  The  acid  so  obtained 
was  dried,  moistened  with  sulphuric  acid,  exposed  to  the 
fumes  of  fluohydric  aeid  for  ten  days  and  melted.  This  pure 
acid  was  first  heated  for  several  hours  in  dry  air  and  after- 
wards in  hydrogen.  Themean  result offourexperimentswaa 
V  =^  51.371 ;  extreme  difiereuce,  0.228.  Nine  experiments 
were  made  on  the  titration  of  the  chloride  by  Pelouze's 
method.  Eight  experiments  were  also  made  on  the  analy- 
sis of  the  chloride  with  argentic  nitrate  by  the  ordinary 
method.  The  mean  of  the  seventeen  experiments  on  the 
chloride  gives  the  contents  in  chlorine  at  61.276  per  cent.; 
extreme  difference,  0.69.  This  composition  indicates  an 
atomic  weight  of  51.29.  Roscoe  takes  CI  =  35.457,  Ag  = 
107.93.  The  vanadium  chloride  was  purified  by  rectifica- 
tion over  sodium  in  a  current  of  carbon  di-oxide.  The  re- 
agents were  prepared  according  to  Stas.  [Liebiq's  Ann..  S, 
6,  1868,  80.)  ^         :/  ,     1 

Roscoe  mentions  atomic  weight  determinations  by  Czud- 
nowicz  as  giving  65.35.  This  chemist,  however,  did  not 
calculate  an  atomic  weight  from  his  analyses,  but  used  that 
obtained  by  Berzeliua.     {Poggend.  Ann.,  ISO,  1863,  17.) 
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The  composition  of  yttrium  oxide  is  not  definitely  settled. 
Mendelejefi^  concludes  from  the  general  behavior  of  its 
compounds  that  it  is  a  sesqui-oxide.  As,  however,  all  the 
chemists  who  have  made  atomic  weight  determinations  of 
this  element  have  considered  it  a  prot-oxide,  I  shall  assume 
it  to  be  80  and  the  atomic  weight,  therefore,  about  60. 

J.  J.  Beezelius  :  6/^.^9  (O  =  16);  401.84  (0  =  100). 

This  determination  was  made  before  the  discovery  of 
erbium  and  can  scarcely  be  correct.  The  value  was  reached 
by  analysis  of  the  sulphate  with  barium  chloride.  La  = 
856.88,  8  =  201.165.  [Poggend.  Ann.,  8,  1826,  186;  10, 
1827,  341.) 

N.J.  Berlin:  59.7  (0  =  16). 

According  to  Elomstrand  in  Berlin,  Ber.  der  Chem.  Ges., 
1873,  1467.  I  can  find  no  other  record  of  this  determina- 
tion which  probably  appeared  in  the  Forkandl.  ved  de  SkandX- 
navisfce  Naturfors/c,  1860,  448. 

0.  Popp  :  68  (0  =  16), 

The  mean  of  four  analyses  of  the  sulphate  showed  that 
40.15  oxide  were  equivalent  to  38.28  sulphuric  anhydride, 
giving  a  molecular  weight  for  the  oxide  of  42.015 ;  extreme 
difference,  0.013.  The  yttrium  was  precipitated  with  sub- 
limed oxalic  acid,  the  free  acid  beings  afterwards  neutralized 
with  ammonia.  The  sulphuric  acid  was  precipitated  with 
barium  chloride  in  the  filtrate  with  precautions,  Popp,  who 
denies  the  existence  of  erbium  and  terbium,  separated  yttri- 
um from  the  eerite  oxides  by  precipitation  with  barium 
carbonate,  yttrium  remaining  in  solution,  S  ^  16,  Ea  = 
68.5.      {Liebig's  Ann.,  131,  1864,  183.) 

M.  Dblafontaine  :  about  64  (0  —  16). 

Delafontaine  does  not  pretend  that  this  number  is  exact. 
It  is  derived  from  analyses  of  the  sulphate.  His  method 
of  separation  was  essentially  Mosander's,  which  was  proved 
by  Popp  and  by  Bunsen  and  Bahr  to  give  impure  salts. 
(Liebig's  Ann.,  IS4.,  1865,  108.) 
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Bahr  and  Bunsen  :  61.7  (0  —  16). 

Determined  by  saturating  the  oxide  with  sulphuric  aeid 
as  in  the  determination  of  erbium,  q.  v.  Partial  recrystal- 
lization  does  not  produce  pure  yttrium  nitrate,  hut  only 
eoneentratea  traces  of  didyraium  in  the  salt.  Didymium 
must  be  separated  with  potassic  sulphate.  Erbium  nitrate 
is  more  easily  decomposed  by  lieat  than  yttrium  nitrate. 
The  nitrates  were  therefore  partially  decomposed,  yttrium 
nitrate  dissolved  out  and  the  process  repeated  until  there 
was  no  trace  of  erbium  or  didymium  visible  in  the  speetro- 
Bcope.  The  mean  of  two  determinations  gave  Y  =  30.85  ; 
diflerence,  0.1.     S  =  16.     [Liebig's  Ann.,  137,  1866,  21.) 

M.  Delafontaine  :  58.5  (0  =  16). 

Determined  by  three  experiments  on  the  sulphate  which 
gave  in  mean  48.23  per  cent,  oxide  for  S  =  32.  [In  the 
jahresbericht  this  determination  is  reported  as  giving  T  = 
74.6.  Yttrium  is  apparently  a  misprint  for  yttrium  oxide.] 
The  yttrium  salt  seems  to  have  been  prepared  according  to 
the  method  of  Bahr  and  Bunsen.  (Kopp's  Jahresbericht, 
1866,  184 ;  Bibl.  Univ.,  Arch,  des  Sciences,  (2),  SS,  1866, 112.) 

P.  T.  Cleve  and  0.  M.  HoEGLUND  :  59.7  (0  =  16). 

Determined  by  analysis  of  the  sulphate.  The  oxide  was 
purified  by  heating  the  nitrates,  etc.,  according  to  K.  J. 
Berlin.  (Blomstrand,  in  Berlin,  Berichl  der  Chem.  Ges., 
1873,  1467;  Bihanq  Ull  Vet.  Akad.  HandL  1873,  B.  1,  S 
No.  8.) 


The  specific  heat  of  zinc  has  been  determined  by  Kegnanlt 
and  others.      The  vapor  density  of  volatile  organic   com- 

?ound8   has    been    determined  by  Prankland   and  others, 
'hese  experiments  agree  in  placing  the  atomic  weight  at 
about  65.     {Gmelin-Kraut,  I.  c;  L.  Meyer,  I.  c.) 

Gay-Lussac,  Berzehus,  Wollaston  :   65.547  (0  = 
16);  409.67  (0  =  100). 

In  his  experiments  on  the  oxidation  of  zinc  Gay-Lussac 
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found  that  100  Zn  =  24.41  oxygen.  This  value  is  repeatedly 
cited  in  his  memoir.  {Gilbert's  Ann.,  SO,  1811,  297;  Me- 
moire  J)'Arceuil,  2,  174.)  Wollaston  gives  the  same  figures 
on  Gay-Lussac's  authority.  {Phil.  Trans.,  10^,  1814,  21.) 
Wollaston  calculates  from  these  data  Zn  =  410,  (0  =:  100.) 
Berzelius  in  each  of  two  experiments  got  100  Zn  =  124.4 
oxide.  {Gilbert's  Ann.,  37,  1811,  460.)  In  Poggend.  Ann., 
8,  1826,  184,  as  well  as  in  his  Lekrbuck,  Berzelius  cites 
Gay-Lussac  as  having. found  100  Zn  =  24.8  oxygen.  He 
states  that  his  own  determinations  were  in  perfect  accor- 
dance with  these  figures,  and  calculates  from  them  the 
atomic  weight  of  zinc  at  403.226  or  64..SS,  and  this  was  the 
accepted  value  for  many  years,  I  cannot  find  any  other 
determinations  by  either  of  these  chemists,  and  am  obliged 
to  suppose  that  there  was  a  mistake  made  iu  recording  the 
data  from  which  Berzelius  made  his  calculations ;  if  so, 
it  is  remarkable  that  neither  Berzelius  nor  the  other 
chemists  who  determined  this  value  perceived  it ;  for  the 
question  was  reopened  during  Berzelius'  life,  and  A.  Erd- 
mann  made  his  determination  at  Berzelius'  request. 

V.  A.  Jacquelin  :  66.^4.  (0  =  16) ;  414  (0  =  100). 

This  number  was  reached  by  measuring  the  amount  of 
hydrogen  developed  by  a  known  weight  of  zinc  from  sul- 
phuric acid  on  the  supposition  that  the  specific  gravity  of 
hydrogen  is  0.0624.  The  results  seem  to  have  been  incon- 
sistent. Subsequently  Jaequelain  arrived  at  the  same 
number  by  oxidizing  an  impure  zinc  of  known  composi- 
tion. {Pans  Comptes  Hend.,  U,  1842,  636;  and  Annal.  de 
GMm.  etde  Phys.,  (3,)  7,  1843,  204.) 

P.  A.  Favre  :  66,  (0  =  16 ) ;  412.5  (O  =  100). 

Favre  made  four  experiments  on  the  combustion  of  zinc 
oxalate,  the  carbon  di-oxide  being  collected  and  its  weight 
compared  with  that  of  the  oxide.  The  mean-result  was 
Zn  =  412.66  ;  extreme  difference,  1.11.  0  =  75.  He  also 
made  three  experiments  b^  passing  the  hydrogen  developed 
by  a  known  weight  of  zinc  over  eupric  oxide,  the  water 
being  caught.  These  experiments  gave  in  mean  Zn  ^ 
412.16;  extreme  difference,  0.65  for  H^  12.5.  {Amal.  de 
Chim.  et  de  Pk>^s.,  (3),  10, 1844,  163.) 

A.  Erdmann  ;  65.05  (0  =  16);  406.591  (0  =  100). 
Determined  by  oxidizing  pure  zinc  with  nitric  acid,  and 
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driving  ofl"  the  acid  by  heating  the  salt  in  a  porcelain  cruci- 
ble. Platinum  is  attacked.  The  number  is  the  mean  of 
four  "experiments;  extreme  difference,  0.698.  The  zinc 
was  prepared  by  mixing  pure  oxide  with  carbon,  and  distill- 
ing in  a  current  of  hydrogen.  (Berzelius'  Jakresbericht,  S4., 
1844,  132;   (Efversigtaf  Kongl.  Vet  Akad.  Handl.,1,  3.) 


Beville  and  Troost  have  determined  the  vapor  density  of 
the  chloride.  It  agrees  with  an  atomic  weight  of  about  90. 
(i.  Meyer^  I.  c.) 

J.  J.  BERZBLitrs  :  89.6  (0  =  16). 

In  one  experiment  the  sulphate  was  decomposed  with 
ammonic  hydrate,  the  oxide  weighed  and  the  sulphuric 
acid  precipitated  with  barium  chloride.  In  live  experi- 
ments the  sulphate  was  decomposed  at  a  white  heat,  ammo- 
nium carbonate  being  added  at  the  close  of  the  operation. 
The  mean  result  was  that  100  parts  of  sulphuric  anhydride 
unite  with  75.853  parts  of  zirconium  oxide;  extreme  difter- 
ence,  0.23.  Berzelius  deduces  the  value  840.08  for  O  = 
100,8  =  201.165;  on  the  supposition  that  the  oxide  con- 
tains three  atoms  of  oxygen.  [Being  a  binoxide,  tliis  re- 
lation gives  Zr  =  89.6  for  O  =  16.]  The  sulphate  seems  to 
have  been  prepared  by  dissolving  the  oxide  in  sulphuric 
acid  and  expelling  the  excess  of  acid  by  heat.  (Poqqend. 
Ann.,  4,  1825,  126.J 

R.  Hermann : 

This  chemist  made  some  experiments  on  the  chloride 
getting  in  three  determinations  a  mean  of  839.45  for  0  = 
100  and  on  the  tri-oxide  supposition.  The  extreme  ditfer- 
enee  was  20.1.  CI  =  443.65.  The  chloride  was  produced 
by  heating  the  oxide  with  carbon  in  a  current  of  chlorine. 
Hermann  adopts  not  his  own  but  BerzeHus'  determination. 
[Erdmann's  Jowm.  fiir  Prak.  Chem.,  31,  1844,  77.) 

C.  Marignac  :  90  {0  =  16). 

Determined  from  analyses  of  potassium  fluo-zireoniate. 
The  salt  was  decomposed  with  sulphuric  acid,  the  excess 
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of  acid  driven  off  by  heat,  the  residue  weighed,  the 
potassie  sulphate  leached  out  with  water,  and  the  residue 
again  weighed.  Marignac  does  not  pretend  that  the 'deter- 
mination is  accurate.  The  results  gave  from  45.01  to  45.48. 
He  thinks  that  some  potassie  sulphate  may  have  escaped 
solution,  and  therefore  takes  the  minimum.  K  =  39,  S  ^ 
16. 

According  to  Marignac,  Deville  also  found  the  atomic 
weight  of  zirconium  somewhat  higher  than  Berzelius  by 
analysis  of  the  chloride  with  which  he  determined  the 
vapor  density.  {Annal.  de  Chim.  et  de  Phys.,  (3,)  60,  1860, 
257.) 
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APPENDIX. 


DETERMINATIONS  BY  T.  THOMSON. 

In  Thomson's  Annals  of  Philosophy/,  volumes  16  and  17, 
1820-21,  Thomson  published  a  series  of  papers  descrip- 
tive of  experiments  undertaken  for  the  purpose  of  verifying 
Prout's  hypothesis.  His  method  conBisted  in  mixing  re- 
agents in  what  he  considered  equivalent  proportions,  and 
after  precipitation  examining  portions  of  the  supernatant 
liquid  for  an  excess  of  each  of  the  salts  supposed  to  neu- 
tralize one  another.  In  all  except  four  cases,  either  the 
salt  analyzed  was  a  sulphate  and  the  precipitant  barium 
chloride,  or  the  determination  was  dependent  upon  such 
an  analysis;  yet  although  Thomson  took  barium  =70,  in 
no  instance  was  he  able  to  detect  either  barium  or  sul- 
phuric acid  in  the  residual  solution  when  the  quantity  of 
the  re-agents  corresponded  to  the  atomic  weights  which  he 
adopts.  Comparison  of  his  results  with  those  reached  by 
more  accurate  experimenters  will  make  this  exact  neutrali- 
zation appear  impossible,  nor  were  his  contemporaries  able 
to  repeat  his  experiments  successfully.  Thomson's  deter- 
minations are,  as  such,  utterly  valueless,  yet  as  they  were 
for  many  years  extensively  accepted  in  English  and  Ameri- 
can scientific  literature  they  are  inserted  here  for  reference. 
In  the  following  table  Thomson's  numbers  are  multiplied, 
when  necessary,  for  the  sake  of  comparison  with  the  values 
now  accepted. 

Determinations  Involving  Barium  =  70. 

Arsenic 76  Magnesium 24 

Barium 140  Manganese 56 

Bismuth 216  Nickel 52 

Calcium 40  Nitrogen 14 

Carbon 12  Phosphorus 32 

Chlorine 36  Potassium 40 

Chromium 56  Silver 110 

Cobalt 52  Sodium 24 

Copper 64  Strontium 88 

Iron 66  Sulphur 32 

Lead —208  Zinc 68 
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Thomson  Further  Determined — 

Antimony  at  132  by  oxidation. 

Boron  at  12  from  analysis  of  borax. 

Mercury  at     200  by  conversion  of  the  oxide  into  chloride. 

Tin  at  116  by  oxidation  with  nitric  acid. 


REDUCTION  OF  WEIGHINGS  TO  VACUUM. 

In  discussing  the  analyses  recorded  in  the  foregoing  pages, 
or  in  reconciling  atomic  weight  determinations  by  various 
chemists,  it  may  be  found  convenient  to  employ  the  follow- 
ing table.  The  maximum  error  involved  is  less  than  0.01 
per  cent,  or  0.1  milligram  per  gram, 

GRAM  WEIGHTS    BEING   OP    BRASS,  FRACTIONS    OF    PLATINUM. 

For  substances  the  sp.  gr.  of  which  exceeds  6.1;  no  cor- 
rection is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  6.1  : — 

To  correct  Ike  entire  grams  ;  multiply  their  number  by  the 
correction  in  the  table  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  _;irsf  column,  and  add  the  product  to  the  observed 
weight. 

To  correct  the  fractions  of  a  gram,  multiply  the  correction 
opposite  the  sp.  gr.  of  the  substance,  found  in  the  third  col- 
umn of  the  table,  by  the  first  two  decimal  figures  of  the 
observed  weight,  if  the  ap.  gr.  of  the  substance  is  less  than 
3,  and  by  the  first  decimal  only,  if  the  sp.  gr.  exceeds  3,  and 
add  the  product  to  the  observed  weight. 

ALL    WEIGHTS    USED    BEING   OF    PLATINUM. 

_  For  substances  the  sp.  gr,  of  which  exceeds  7,8,  no  correc- 
tion is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  7,8:— 
Multiply  the  correction  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  third  column,  by  the  number  of  grams,  tenths 
and  hundredths  observed,  if  the  sp.  gr.  falls  short  of  3,  or 
by  the  number  of  grams  and  tenths,  if  the  sp,  gr.  exceeds 
3,  and  add  the  product  to  the  observed  weight. 

The  table  shows  within  what  limits  it  is  necessary  to  know 
the  sp.  gr. 
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APPENDIX. 


(  Weinhia  of  Braax)  for 

Correctioii  per  Gram 

(  WtAghis  of  Platinum)  for 

Specific  Gra 

lity  hetvifen — 

Error  <_^jiMg. 

Specific  Gravity  between — 

27.738  « 

od  11.064 

— O.OOO  OeTgrsm 

110G4 

6.904 

0,000  000 

61,766  a 

nd  13.668 

6.904 

5.010 

+0,000  0S7 

13  668 

7.807 

5.019 

S.U43 

O.OCO  1.S3 

7.807 

5,480 

ZMS 

3.247 

0  000  200 

5,480 

4.222 

5,247 

2,75S 

0.000  267 

4.222 

3  433 

2.769 

2  399 

0  OOO  333 

3.433 

2.893 

2.809 

2.122 

0.000  400 

2.893 

2.500 

2.122 

0.000  4(>7 

2.500 

2.201 

1.903 

1,724 

0.000  533 

2.i01 

.1,96-5 

1.724 

1.576 

0.000  600 

1,965 

1,776 

1.576 

1,452 

0,000  667 

1,619 

1.452 

1  377 

0.000  733 

1-619 

1,488 

1.377 

1.254 

0  000  800 

1.438 

1.377 

1.254 

1.174 

0.000  867 

1,377 

1,281 

1  174 

1.103 

0.000  933 

1,281 

■1.197 

1.103 

1,041 

0,001  000 

1.197 

1.124 

1.041 

0  985 

0  001   007 

1.124 

1,059 

0.001   1.33 

1,059 

1,002 

O.OOI  200 

1.002 

0.950 

{Sill.  Am 
222.) 


r.  Jour.,  16,  1878,  265;  Liel^lg'.s  Ann.,  195,  1879, 
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ADVERTISEMENT. 


The  present  publication  is  oue  of  a  series  devoted  t«  the  discus- 
sion and  more  precise  determination  of  various  "Constants  of 
Nature;"  and  forms  the  Fifth  contribution  to  that  subject  pub- 
lished by  tliis  Institution. 

The  Fird  number  of  the  series,  embracing  tables  of  "Specific 
Gravities"  and  of  Melting  and  Boiling  Points  of  Bodies,  prepared 
by  the  same  author.  Prof.  F.  W.  Clarke,  was  published  in  1873. 
The  Fourth  part  of  the  series,  comprising  a  complete  digest  of  the 
various  "Atomic  Weight"  determinations  of  the  chemical  elements 
published  since  1814,  commencing  with  the  well-known  "  Table  of 
Equivalents"  by  WoUaston,  (given  in  the  Philosophical  Trans- 
actions for  that  year,)  compiled  by  Mr.  George  F.  Becker,  was 
published  by  the  Institution  in  1880.  The  present  work  which  may 
be  regarded  as  practically  supplementary  to  that  digest,  (or  perhaps 
rather  as  the  memoir  to  which  that  digest  is  introductory,)  com- 
prises a  very  full  discussion  and  re-calculation  of  the  "Atomic 
Weights"  from  all  the  existing  data,  and  the  assignment  of  the 
most  probable  value  to  each  of  the  clemenfs. 

The  manuscript  of  the  work  was  presented  to  the  Institution 
in  its  completed  form  by  Prof.  F.  W.  Clarke,  the  cost  of  publica- 
tion only  being  at  the  expense  of  the  Smithsonian  fund. 
Spenceg  F.  Baiki>, 
A'cciv  lary  of  Smithsoniav  Institution. 

Washington,  January,  1882. 
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INTRODUCTION. 

In  the  autumn  of  1877  the  writer  began  collecting  data 
relative  to  the  determinations  of  atomic  weights,  with  the 
purpose  of  preparing  a  complete  resume  of  the  entire  sub- 
ject, and  of  recalculating  all  the  estimations.  The  work 
was  fairly  under  way,  the  material  was  collected  and  partly 
discussed,  when  I  received  from  the  Smithsonian  Institu- 
tion a  manuscript  by  Professor  George  F.  Becker,  entitled 
"  Atomic  Weight  Determinations :  a  Digest  of  the  Investi- 
gations Published  since  1814."  This  manuscript,  which  has 
lately  been  issued  as  Part  IV  of  the  "  Constants  of  Nature," 
covered  much  of  the  ground  contemplated  in  my  own 
undertaking.  It  brought  together  all  the  evidence,  pre- 
senting it  clearly  and  thoroughly  in  compact  form;  in 
short,  that  portion  of  the  task  could  not  well  be  improved 
upon.  Accordingly,  I  decided  to  limit  my  own  labors  to  a 
critical  recalculation  of  the  data;  to  combine  all  the  figures 
upon  a  common  mathematical  basis,  and  to  omit  everything 
which  could  as  well  be  found  in  Professor  Becker's  "  Digest." 

At  the  very  beginning  of  my  work  certain  questions  con- 
fronted me.  Should  I  treat  the  investigations  of  different 
individuals  separately,  or  should  I  combine  similar  data  to- 
gether in  a  manner  irrespective  of  persons  ?  For  example, 
ought  I,  in  estimating  the  atomic  weight  of  silver,  to  take 
Stas'  work  by  itself,  Marignae's  work  by  itself,  and  so  on, 
and  then  average  the  results  together;  or  should  I  rather 
combine  all  series  of  figures  relating  to  the  composition  of 
potassiumi  chlorate  into  one  mean  value,  and  all  tlie  data 
concerning  the  composition  of  silver  chloride  into  another 
mean,  and,  finally,  compute  from  such  general  means  the 
constant  sought  to  be  established?  The  latter  plan  was 
finally  adopted ;  in  fact,  it  was  rendered  necessary  by  the 
method  of  least  squares,  which  method  was  alone  adequate 
to  supply  me  with  good  processes  for  calculation. 
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The  mode  of  discussion  and  combination  of  results  was 
briefly  as  follows.  The  formulse  employed  are  given  in 
iinother  chapter.  I  begBn  with  the  ratio  between  oxygen 
and  hydrogen ;  in  other  words,  with  the  atomic  weight  of 
oxygen  referred  to  hydrogen  as  unity.  Each  series  of  ex- 
periments was  taken  by  itself,  its  arithmetical  mean  was 
found,  and  the  probable  error  of  that  mean  was  computed. 
Then  the  several  means  were  combined  according  to  the 
appropriate  formula,  each  receiving  a  weight  dependent 
upon  its  probable  error.  The  general  mean  thus  established 
was  taken  as  the  most  probable  value  for  the  atomic  weight 
of  oxygen,  and,  at  the  same  time,  its  probable  error  wa^ 
mathematically  asssigned. 

Next  in  order  came  a  group  of  elements  which  wei-e  best 
discussed  together,  namely,  silver,  chlorine,  potassium,  so- 
dium, bromine,  iodine,  and  sulphur.  For  these  elements 
there  were  data  from  thirteen  experimenters.  All  similar 
figures  were  first  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general 
means.  Thus  all  the  data  were  condensed  into  twenty 
ratios,  from  which  several  independent  values  for  the  atomic 
weight  of  each  element  could  be  computed.  The  probable 
errors  of  these  values,  however,  all  involved  the  probable 
error  of  the  atomic  weiglit  of  oxygon,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element 
not  entered  into  consideration.  Here,  then,  we  have  sug- 
gested a  chief  peculiarity  of  this  whole  revision.  The 
atomic  weight  of  each  element  involves  the  probable  errors 
of  all  the  other  elements  to  which  it  is  directly  or  indirectly 
referred.  Accordingly,  an  atomic  weight  determined  by 
reference  to  elements  whose  atomic  weights  have  been  defec- 
tively ascertained  will  receive  a  high  probable  error,  and  its 
weight,  when  combined  with  other  values,  will  be  relatively 
low.  For  example,  an  atomic  weight  ascertained  by  direct 
comparison  with  hydrogen  will,  other  things  being  equal, 
have  a  lower  probable  error  than  one  which  is  referred  to 
hydrogen  through  the  intervention  of  oxygen ;  and  a  metal 
whose  equivalent  involves  only  the  probable  error  of  oxygen 
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will  be  more  exactly  known  than  one  which  depends  upon 
the  greater  errors  of  silver  and  chlorine.  These  points 
will  appear  more  clearly  evident  in  the  subsequent  actual 
discussions. 

But  although  the  discussion  of  atomic  weights  is  osten- 
sibly mathematical,  it  cannot  be  purely  so.  Chemical  con- 
siderations are  necessarily  involved  at  every  turn.  In  as- 
signing weights  to  mean  values  I  have  been,  for  the  most 
part,  rigidly  guided  by  mathematical  rules;  but  in  some 
cases  X  have  been  compelled  to  reject  altogether  series  of  data 
which  were  mathematically  excellent,  but  chemically  worth- 
less because  of  constant  errors.  In  certain  instances  there 
were  grave  doubts  as  to  whether  particular  figures  should 
be  included  or  rejected  in  the  calculation  of  means ;  there 
having  been  legitimate  reasons  for  either  procedure.  Prob- 
ably many  chemists  would  differ  with  me  upon  such  points 
of  judgment.  In  fact,  it  is  doubtful  whether  any  two  chem- 
ists, working  independently,  would  handle  all  the  data  in 
precisely  the  same  way,  or  combine  them  so  as  to  produce 
exactly  the  same  final  results.  Neither  would  any  two 
mathematicians  follow  identical  rules  or  reach  identical  con- 
clusions. In  calculating  the  atomic  weight  of  any  element 
those  values  are  assigned  to  other  elements  which  have  been 
determined  in  previous  chapters.  Hence  a  variation  in  the 
order  of  discussion  might  lead  to  slight  differences  in  the 
final  results. 

As  a  matter  of  course  the  data  herein  combined  are 
of  very  unequal  value.  In  many  series  of  experiments 
the  weighings  have  been  reduced  to  a  vacuum  standard; 
but  in  most  cases  chemists  have  neglected  this  correc- 
tion altogether.  In  a  majority  of  iastances  the  errors  thus 
introduced  are  slight ;  nevertheless  thoy  exist,  and  interfere 
more  or  less  with  all  attempts  at  a  theoretical  consideration 
of  the  results.  For  example,  they  affect  seriously  the  in- 
vestigation of  Front's  hypothesis,  and  are  often  great  enough 
to  account  for  seeming  exceptions  to  it.  Such  questions  as 
these  will  be  considered  in  the  appendix. 

Another  serious  source  of  error  affecting  many  of  the  re- 


.yGoogle 


X  INTRODUCTION. 

suits  was  not  discovered  until  recently.  A  large  number  of 
(.■omputations  had  been  actually  finished,  involving,  among 
other  things,  the  greater  part  of  Stas'  work,  when  Dumas 
published  his  investigation  upon  the  occlusion  of  oxygen  by 
silver.  Here  it  was  shown  that  a  very  great  number  of 
atomic  weight  determinations  must  have  been  vitiated  by 
constant  errors,  which,  though  constant  for  each  series,  were 
j^robably  of  different  magnitude  in  different  series,  and, 
therefore,  could  not  be  systematically  corrected  for.  At  the 
time  of  the  announcement  of  this  discovery  of  Dumas  my 
work  was  so  far  under  way  that  I  thought  it  best  to  com- 
plete my  discussion  without  reference  to  it,  and  then  to 
study  its  influence  in  the  appendix.  In  the  chapter  upon 
aluminum,  however,  it  will  be  noted  that  Mallet  eliminated 
this  error  in  great  part  from  his  experimental  results. 

Necessarily,  this  work  omits  many  details  relative  to  ex- 
perimental methods,  and  particulars  as  to  the  arrangements 
of  special  forms  of  apparatus.  For  such  details  original 
memoirs  must  be  consulted.  Their  inclusion  here  would 
have  rendered  the  work  unwarrantably  bulky.  There  is 
such  a  thing  as  over-exhaustiveness  of  treatment,  which  is 
equally  objectionable  with  under-thoroughness. 

Of  course,  none  of  the  results  reached  in  this  revision 
can  be  considered  as  final.  Every  one  of  them  is  liable  to 
repeated  corrections.  To  my  mind  the  real  value  of  the 
work,  great  or  little,  lies  in  another  direction.  The  data 
have  been  brought  together  and  reduced  to  common  stand- 
ards, and  for  each  series  of  figures  the  probable  error  has 
been  determined.  Thus  far,  however  much  my  methods 
of  combination  may  be  criticized,  I  feel  that  my  labors  will 
have  been  useful.  The  ground  is  now  cleared,  in  a  measure, 
for  future  experimenters ;  it  is  possible  to  see  more  distinctly 
what  remains  to  be  done ;  some  clues  are  furnished  as  to  the 
relative  merits  of  different  series  of  results.  I  hope  to  be 
able,  fix)m  time  to  time,  as  new  determinations  are  published, 
to  continue  tlie  task  here  begun,  and  perhaps,  also,  to  add, 
in  the  near  future,  some  data  of  my  own  establishing. 
In  addition  to  the  usual  periodicals  the  following  works 
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have  been  freely  used  by  me  in  the  preparation  of  this 
volume : 

Berzelius,  J.  J.  Lehrbuch  der  Chemie.  5  Auflage.  Drit- 
terBand.    88.1147-1231.    1845. 

Van  Geuns,  W.  A.  J.  Prceve  cener  Geaehiedenis  van  de 
iEquivalentgetallen  der  Scheikundige  Grondstoffen 
en  van  hare  Soortelijke  Gewigten  in  Gasvorm,  voor- 
namelijk  in  Betrckking  tot  de  vier  Grondstoffen  der 
Bewerktuigde  Natuur.    Amsterdam,  1853. 

MuLDEK,  E.  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  .^Equivalent-Gewigten  van  13  Eenvoudige 
Ligchamen.    Utrecht,  1853. 

Mulder,  L.  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  ^quivalent-Gewigten  van  24  Metalen. 
Utrecht,  1853. 

OuDEMANS,  A.  G,  Jr.  Historisch-Kritiscli  Overzigt  van  de 
Bepaling  der  jEquivalent-Gewigten  van  Twee  en 
Twintig  Metalen.     Leiden,  1853. 

Stas,  J.  S.  Untersuchungen  iiber  die  Gesetze  der  Chem- 
ischen  Proportionen  iiber  die  Atomgewichte  und  ihre 
gegenaeitigen  Verhaltnisse.  Uebersetzt  von  Dr.  I.. 
Aronstein.     Leipzig,  1867. 

The  four  Dutch  monographs  above  cited  are  especially 
valuable.  They  represent  a  revision  of  all  atomic  weight 
data  down  to  1853,  as  divided  between  four  writers. 
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FORMULA  FOR  THE  CALCULATION  OP 
PROBABLE  ERROR. 


Although  the  ordinary  formula  for  the  probable  error  of 
an  arithmetical  mean  is  familiar  to  all  physicists,  it  is  per- 
haps best  to  reproduce  it  here,  as  follows  : 

Here  n  represents  the  number  of  observations  or  experi- 
ments in  the  series,  while  S  is  the  sum  of  the  variations  of 
the  individual  results  from  the  mean. 

In  combining  several  arithmetical  means,  representing 
several  series,  into  one  general  mean  each  receives  a  weight 
indicated  by  its  probable  error ;  greater  as  the  latter  becomes 
less,  and  mce  versa.  Lot  A,  B,  C,  etc.,  be  such  mean  results, 
and  a,  h,  c,  their  probable  errors  respectively.  Then  the 
general  mean  is  determined  by  this  formula : 


(2-) 


For  the  probable  error  of  this  general  mean  we  have; 
(8.)  ..^-K— 't-™T 

v^ + ^  +  ?  ■  ■  ■ 

In  the  calculation  of  atomic  and  molecular  weights  the 
following  formula!  have  been  employed.  For  assistance  in 
connection  with  them  my  thanks  are  due  to  Professors  H 
T.  Eddy  and  E.  W.  Hyde  of  the  University  of  ancinnati. 

Using,  as  before,  capital  letters  to  represent  known  quan- 
tities and  small  letters  for  their  probable  errors  respectively, 
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we  have  for  the  sum  or  difference  of  two  quantities,  A  and 

B: 

(4.)  .  =  ^^Mr*3 

For  the  product  of  A  multiplied  by  B  the  probable  error  is 
(5.)  ,=  y'(Kir+-{B^-)' 

For  the  product  of  three  quantities,  ABC : 


(6.)  •■  =  l/(BCa)=  +  (AC*)''  +  (AB^)" 

For  a  quotient,  j-,  the  probable  error  becomes 


(7-) 


,^V(x)' 


Given  a  proportion,  A  :  B  : :  C  :  ;c,  the  probable  error  of 
the  fourth  term  is  as  follows : 


,.^/(w; 


This  tbrmula  is  used  in  nearly  every  atomic  weight  cal- 
culation, and  is,  therefore,  exceptionally  important.  Rarely 
a  more  complicated  case  arises  in  a  proportion  of  this  kind : 

A:B::C-!-.i::D  +  j- 

In  this  proportion  the  unknown  quantity  occurs  in  two 
terms.  Its  probable  error  i,«  found  by  this  expression,  and 
is  always  large : 


»•)       '-V!^w '■'■"■+' 


When  several  independent  values  have  been  calculated 
for  an  atomic  weight  they  are  treated  like  means,  and  com- 
bined according  to  formulfe  (2)  and  (3.)     Each  final  result 
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is,  therefore,  to  be  regarded  as  the  general  mean  i)f  all  re- 
liable detorminations.  This  method  of  combination  may 
not  be  the  best  one  theoretically  possible,  but  it  seemed  to 
be  the  only  one  practically  available.  The  data  are  too  im- 
perfect to  warrant  the  use  of  much  more  elaborate  processes 
of  discussion. 
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The  ratio  between  oxygen  and  hydrogen  is  the  fovmdation 
upon  which  the  entire  system  of  atomic  weights  depends. 
Hence,  the  accuracy  of  its  determination  has,  from  the 
beginning,  been  recognized  aa  of  extreme  importance.  A 
trifling  error  here  may  become  cumulative  when  repeated 
through  a  moderate  series  of  other  ratios. 

Leaving  out  of  account  the  earliest  researches,  which  have 
now  only  a  historical  value,  we  find  that  three  methods 
have  been  employed  for  fixing  this  important  constant. 
First,  the  synthesis  of  water,  effected  by  passing  hydrogen 
gas  over  red  hot  oxide  of  copper.  Secondly,  the  exact 
determination  of  the  relative  density  of  the  two  gases. 
Thirdly,  by  weighing  the  quantity  of  water  formed  upon 
the  direct  union  of  a  known  volume  of  hydrogen  with 
oxygen. 

The  first  of  these  methods  has  been  employed  in  three 
leading  investigations,  namely,  by  Dulong  and  Berzelius,* 
by  Dumas,  and  by  Erdmann  and  Marcband.  The  essential 
features  of  the  method  are  in  all  cases  the  same.  Hydrogen 
gas  is  passed  over  heated  oxide  of  copper,  and  the  water 
thus  formed  is  collected  and  weighed.  Prom  this  weight 
and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact 
composition  of  water  is  readily  calculated.  Dulong  and 
Berzelius  made  but  three  experiments,  with  the  following 
results  for  the  percentages  of  oxygen  and  hydrogen  in 
in  water : 


•  Thomson's  Aniials  of  Philosophy,  ]u[' 
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These  figures,  rather  roughly  determined,  and  by  no 
means  exact  enough  to  meet  the  requirements  of  modern 
science,  give  a  mean  value  of  16.021  for  the  atomic  weight 
of  oxygen.  As  the  weighings  were  not  reduced  to  a  vacuum, 
this  correction  was  afterwards  applied  by  Clark,*  who  showed 
that  these  syntheses  really  make  0  =  15.894 ;  or,  in  Ber- 
zeiian  terms,  if  O  =  100,  H  =  12.583. 

In  1842  Dumast  published  his  elaborate  investigation 
upon  the  composition  of  water.  The  first  point  was  to  get 
pure  hydrogen.  This  gas,  evolved  from  zinc  and  sulphuric 
acid,  might  contain  oxides  of  nitrogen,  sulphur  dioxide, 
hydrosulphuric  acid,  and  arsenic  hydride.  These  impuri- 
ties were  removed  in  a  series  of  wash  bottles ;  the  H^S  by  a 
solution  of  lead  nitrate,  the  HjAs  by  silver  sulphate,  and 
the  others  by  caustic  potash.  Finally,  the  gas  was  dried  by 
passing  through  sulphuric  acid,  or,  in  some  of  the  experi- 
ments, over  phosphorus  pentoxide.  The  copper  oxide  was 
thoroughly  dried,  and  the  bulb  containing  it  was  weighed. 
By  a  current  of  dry  hydrogen  all  the  air  was  expelled  from 
the  apparatus,  and  then,  for  ten  or  twelve  hours,  the  oxide 
of  copper  was  heated  to  dull  redness  in  a  constant  stream  of 
the  gas.  The  reduced  copper  was  allowed  to  cool  in  an 
atmosphere  of  hydrogen.  The  weighings  were  made  with 
the  bulbs  exhausted  of  air.  The  following  table  gives  the 
results ; 

Column  A  contains  the  symbol  of  the  drying  substance. 
B  gives  the  weight  of  the  bulb  and  copper  oxide.  C,  the 
weight  of  bulb  and  reduced  copper.  D,  the  weight  of  the 
vessel  used  for  collecting  the  water.  E,  the  same,  plus  the 
water.  F,  the  weight  of  oxygen.  G,  the  weight  of  water 
formed.  H,  the  crude  equivalent  of  H  when  0  =^  10,000. 
I,  the  equivalent  of  H,  corrected  for  the  air  contained  in  the 
sulphuric  acid  employed.  This  correction  is  not  explained, 
and  seems  to  be  questionable. 

*  Philosophical  Magazine,  3d  series,  20,  34I. 
tCompt.  Rtrid,,  14,  537- 
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In  the  sum  total  of  these  nineteen  experiments,  840.161 
grammes  of  oxygen  form  945.439  grammes  of  water.  This 
gives,  in  percentages,  for  the  composition  of  water,  oxygen 
88.864;  hydrogen,  11.136.  Hence  the  atomic  weight  of 
oxygen,  calculated  in  mass,  is  15.9608.  In  the  following 
column  the  values  are  given  as  deduced  from  the  individual 
data  given  under  the  headings  F  and  G : 


Mean,  15.9607,  with  a  probable  1 


ir  of  ±  .0070. 


In  calculating  the  above  column  several  discrepancies 
were  noted,  probably  due  to  misprints  in  the  original  me- 
moir. On  comparing  columns  B  and  C  with  F,  or  D  and  E 
with  G,  these  anomalies  chiefly  appear.  Tfiey  were  detected 
and  carefully  considered  in  the  course  of  my  own  calcula- 
tions ;  and,  I  believe,  eliminated  from  the  flnal  result. 

The  paper  by  Erdmann  and  Marchand*  followed  closely 
after  that  of  Dumas.  The  method  of  research  was  essen- 
tially the  same  as  that  of  the  latter  chemist,  varying  only 
in  points  of  comparatively  unimportant  detail.  The  results 
are  given  in  two  series,  in  one  of  which  the  weighings  were 


*Jox, 


,.  f.  Prakt.  Clicm.,  1842,  b<l.  26,  s.  461. 
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not  actually  made  in  vacuo,  but  were,  nevertheless,  reduced 
to  a  vacuum  standard.  The  second  series  represents  actual 
vacuum  weighings.  The  quantity  of  water  formed  in  each 
experiment,  was  from  41.664  to  95.612  granunes.  I  give 
below  only  the  percentages  of  oxygen  and  hydrogen  in 
water  as  deduced  from  Erdmann  and  Marchand's  data: 

First  Series. 


88.899  II.IOI 

Hence,  the  atomic  weight  of  oxygen  i?,  as  follows : 

/•"j>j/  Series.  Second  Series. 

i5-9'S  15.997 

15.S91  16.015 

15.976  16.010 

15.966  16,016 

Mean,  15.9369,  dz  .0138  Mean,   16.0095,  ±  .0030 

The  effect  of  discussing  these  two  series  separately  is 
somewhat  startling.  It  gives  to  the  four  experiments  in 
Erdmann  and  Marchand's  second  group  a  weight  vastly 
greater  than  their  other  four  and  Dumas'  nineteen  taken 
together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason;  and  it  is  highly  probable  that  it  is  due 
almost  entirely  to  fortunate  coincidences,  rather  than  to 
greater  accuracy  of  work.  We  will,  therefore,  treat  Erd- 
mann and  Marchand's  experiments  as  one  series,  giving  all 
equal  weight,  and  then  combine  them  with  the  results  ob- 
tained by  Dumas.     Wc  now  have — 
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By  Dumas O  =-  15.9607,  Jz  .0070 

By  Erdmann  and  Marchand O  =  15.9733,  =t  .0113 

General  mean O  =  15.9642,  ±  .0060 

In  diaeuasing  the  relative  density  of  oxygen  and  hydro- 
gen gases  we  need  only  consider  the  more  modern  researches 
of  Dumas  and  Eoussiiigault,  and  of  Regnault.  As  the  older 
work  has  some  historical  value,  I  may  in  passing  just  cite 
its  results.  For  the  density  of  hydrogen  we  have  .0769, 
Lavoisier  ;  .0693,  Thomson  ;  .092,  Cavendish  ;  .0732,  Biot 
and  Arago ;  .0688,  Dulong  and  Berzelius.  For  oxygen  there 
are  the  following  determinations :  1.087,  Fourcroy,  Vauque- 
lin,  and  S6guin ;  1.103,  Kirwan;  1.128,  Davy;  1.088,  Allen 
and  Pepys;  1.1036,  Biot  and  Arago;  1.1117,  Thomson; 
1.1056,  De  Saussure ;  1.1026,  Dulong  and  Berzelius ;  1.106, 
Buff;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingaultf  published  their  deter- 
minations of  gaseous  densities.  For  hydrogen  they  obtained 
values  ranging  from  .0691  to  .0695 ;  but  beyond  this  mere 
statement  they  give  no  details.  For  oxygen  three  determi- 
nations were  made,  with  the  following  results  : 

I.I05S 


If  we  take  the  two  extreme  values  given  above  for  hydro- 
gen, and  regard  them  as  the  entire  series,  they  give  us  a 
mean  of  .0693,  ±  .00013. 

This  mean  hydrogen  value,  combined  with  the  mean 
oxygen  value,  gives  for  the  atomic  weight  of  the  latter  ele- 
ment the  number  15.9538,  ±  .031. 

Regnault's  researches,  published  four  years  later,J  were  of 

*  For  Wrede's  work,  sec  Berielius'  Jahresbericht  for  1S43.  Kor  Dulon:;  and 
Berzelius,  see  the  paper  already  ciled.  All  the  other  determinations  are  taken 
from  Gmelin's  Handbook,  Cavendish  edition,  v.  i,  p.  279. 

f  Compt.  Rend.,  12,  1005.     Compare  also  with  Dumas,  Compt.  Rend.,  14,  537. 

JCompt.  Rend,,20,975- 
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a  more  satisfactory  kind.  Indeed,  they  are  among  tlie 
classics  of  physical  science ;  and  probably  approach  as  near 
to  absolute  accuracy  as  is  possible  for  experiment. 

For  hydrogen  three  determinations  of  density  gave  the 
following  results : 

,06932 

Mean,  .069263,  zfc  .OOOO19 

For  oxygen  four  determinations  were  made,  but  in  the 
first  one  tlie  gas  was  contaminated  by  traces  of  hydrogen, 
and  the  value  obtained,  1.10525;  was,  therefore,  rejected  by 
Regnault  as  too  low.     The  other  three  are  as  follows ; 

1.10551 

1,10564 

1.1056s 

Mean,  1. 105633.  ±  .000008 

Now,  combining  the  hydrogen  and  oxygen  series,  we  have 
for  the  atomic  weight  of  oxygen,  15.9628,  ±  .0044.* 

Upon  combining  the  result  of  Regnault's  work  with  that 
from  Dumas  and  Boussingault's  we  get  the  following  value : 

From  Dumas  and  Boussingault O  =  I5-953S,  ±  -031 

From  Regnault O  =  15.9628,  ±  .0044 


General  mean O  =  15.9627,  d=  .0043 

This  result,  it  will  be  seen,  agrees  remarkably  well  with 
that  obtained  in  the  experiments  upon  the  synthesis  of 
water. 

*  Since  these  computation'^  were  made  Pr"fessor  lolin  Le  f  onte  has  called  my 
attention  to  the  existence  of  1  ght  nume  ca  erro  n  P  gnault's  own  reductions. 
As  corrected  by  Le  Conle,  Regnault  s  figures  g  e  I  105612  for  the  density  of 
oxygen,  and  0.069269  for  that  of  hydrogen  Hence  the  atomic  weiglit  of  O  be- 
comes 15.9611,  instead  of  15  q6  8  The  d  tfe  nee  light,  but  still  iC  ought 
not  to  be  ignored.  All  the  computa  ons  n  the  bi  dy  of  this  work,  having  been 
finished  before  I  received  Prof  ssor  Le  Con  e  s  figures  must  stand,  nevertheless, 
as  they  are.  For  further  delails  Le  Conte  refeis  fo  Phd.  Mag.,  (4,)  27,  p.  29, 
1864;  and  alio  to  the  Smithsonian  Keport  for  1S78,  p.  428- 
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The  third  method  indicated  at  the  beginning  of  this  dis- 
cussion has  been  recently  employed  in  part  by  J.  Thomsen* 
of  Copenhagen.  Unfortunately  this  chemist  has  not  pub- 
lished tlie  details  of  his  work,  but  only  the  end  results. 
These  serve  to  confirm  the  values  for  oxygen  fixed  by  other 
methods,  but  they  cannot  well  be  included  in  the  systematic 
discussion.  Partly  by  the  oxidation  of  hydrogen  over 
heated  copper  oxide,  and  partly  by  its  direct  union  with 
oxygen,  Thomsen  finds  that  at  the  latitude  of  Copenhagen, 
and  at  sea  level,  one  litre  of  dry  hydrogen  at  0°  and  760 
mm.  pressure  will  form  .8011  gramme  of  water.  According 
to  Regnault,  at  this  latitude,  level,  temperature,  and  press- 
ure, a  litre  of  hydrogen  weighs  .08954  gramme.  From 
these  data,  O  =  15.9605.  It  will  be  seen  at  once  that  Thom- 
aen's  work  depends  in  great  part  upon  that  of  Regnault, 
and  yet  that  it  affords  an  admirable  reinforcement  of  the 
latter. 

It  is  now  plain,  in  conclusion,  that  all  the  different  lines 
of  research  point  to  an  atomic  weight  for  oxygen  a  little 
below  16.00.  Five  distinct  investigations  confirm  each  other 
wonderfully.  Upon  combining  the  values  obtained  by  the 
two  chief  methods  we  get  the  following  final  results  : 

From  synthesis  of  water O  =  15.9642,  i  .0060 

From  gaseous  densities O^  15.9627,  ±  .0043 

In  the  general  mean  the  atomic  weight  of  oxygen  be- 
comes 15.9633,  with  a  probable  error  of  rt  .OOSo.f 

*  Ber.  d.  Deutsch,  Chem.  GeseUschaft,  1870,  s,  928, 

t  Le  Contc's  correction  of  Regnault's  figures  introduced  here  would  make  O  ^= 
15.9622,  instead  of  15.9633.      Difference,  .001 1. 
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SILVER,  POTASSIUM,  SODIUM,  CHLORINE, 
BROMINE,  IODINE,  AND  SULPHUR. 

The  atomic  weights  of  these  seven  elements  depend  upon 
each  other  to  so  great  an  extent  that  they  can  hardly  be 
considered  independently.  Indeed,  chlorine,  potassium,  and 
silver  have  always  been  mutually  determined.  From  the 
ratio  between  silver  and  chlorine,  the  ratio  between  silver 
and  potassium  chloride,  and  the  composition  of  potassium 
chlorate,  these  three  atomic  weights  were  first  accurately 
fixed.  Similar  ratios,  more  recently  worked  out  by  Stas 
and  others,  have  rendered  it  desirable  to  include  bromine, 
iodme,  sulphur,  and  sodium  in  the  same  general  discussion. 

Several  methods  of  determination  will  be  left  altogether 
out  of  account.  For  example,  in  1842  Marignac*  sought  to 
fix  the  atomic  weight  of  chlorine  by  estimating  the  quantity 
of  water  formed  when  hydrochloric  acid  gas  is  passed  over 
heated  oxide  of  copper.  His  results  were  wholly  inaccu- 
rate, and  need  no  further  mention  here.  A  little  later  Lau- 
rentt  redetermined  the  same  constant  from  the  analysis  of 
a  chlorinated  derivative  of  naphthalene.  This  method  did 
not  admit  of  extreme  accuracy,  and  it  presupposed  a  knowl- 
edge of  the  atomic  weight  of  carbon;  hence  it  may  be  prop- 
erly disregarded.  Maumene'sJ  analyses  of  the  oxalate  and 
acetate  of  silver  gave  good  results  for  the  atomic  weight  of 
that  metal ;  but  they  also  depend  for  their  value  upon  our 
knowledge  of  carbon,  and  will,  therefore,  be  discussed  fur- 
ther on  with  reference  to  that  element. 

Let  us  now  consider  the  ratios  upon  which  we  must  rely 
for  ascertaining  the  atomic  weights  of  the  seven  elements  in 
question.  After  we  have  properly  arranged  our  data  we 
may  then  discuss  their  meaning.     First  in  order  we  may 

»  Compt.  Rend.,  14,  570.     Also,  Joum.  f.  Praltt,  Chem.,  36,  304. 
t  Compt.  Rend.,  14,  456.     Journ.  f.  Prakt.  Chem.,  36,  307. 
*  Ann-  d.  Chim.  et  d.  Phys.,  (3,)  18,  41.      1846. 


.yGoogle 


10  THE    ATOMIC   WEIGHTS. 


conveniently  take  up  the  percentage  of  potassium  chloride 
obtainable  from  the  chlorate. 

The  first  reliable  series  of  experiments  to  determine  this 
percentage  was  made  by  Berzelius.*  All  the  earlier  estima- 
tions wore  vitiated  by  the  fact  that  when  potassium  chlo- 
rate is  ignited  under  ordinary  circumstances  a  little  solid 
material  is  mechanically  carried  away  with  the  oxygen  gas. 
Minute  portions  of  the  substance  may  even  be  actually  vol- 
atilized. These  sources  of  loss  were  avoided  by  Berzelius, 
who  devised  means  for  collecting  and  weighing  this  trace 
of  potassium  chloride.  All  the  successors  of  Berzelius  in 
this  work  have  benefitted  by  his  example;  although  for  the 
methods  by  which  loss  has  been  prevented  we  must  refer  to 
the  original  papers  of  the  several  investigators.  In  short, 
then,  Berzelius  ignited  potassium  chlorate,  and  determined 
the  percentage  of  chloride  which  remained.  Four  experi- 
ments gave  the  following  results : 

60,850 
60.850 
60.85 1 

Mejn,  60,851,  ivilh  a  probable  error  of  ±  .0006 

The  next  series  was  made  by  Penny ,t  in  England,  who 
worked  after  a  somewhat  different  method.  He  treated  po- 
tassium chlorate  with  strong  hydrochloric  acid  in  a  weighed 
flask,  evaporated  to  dryness  over  a  sand  bath,  and  then 
found  the  weight  of  the  chloride  thus  obtained.  His  results 
are  as  follows,  in  six  trials  : 


60.820 
60.S23 


*  Poggcnd.  Annalen,  1826,  bd.  ! 
f  Phil.  TransaclLons,  1839,  p,  2. 
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In  1842  Pelouze*  made  three  estimations  by  the  ignition 

of  the  chlorate,  with  these  results : 

60.843 

60.857 

60.830 

Mean,  60.843,  ±  -"^Si 

Marignac,  in  1842,t  worked  with  several  different  reerys- 
tallizations  of  the  commercial  chlorate.  He  ignited  the 
salt,  with  the  usual  precautions  for  collecting  the  material 
carried  off  mechanically,  and  also  examined  the  gas  which 
was  evolved.  He  found  that  the  oxygen  from  50  grammes 
of  chlorate  contained  chlorine  enough  to  form  .003  gramme 
of  silver  chloride.  Here  are  the  percentages  found  by  Ma- 
rignac : 


In  chlorate  once  crystallized 60 


111  chlo 
111  chloral 
In  chlora 
In  chlor. 
In  chlon 


■  crystallized 60. 

twice  crystallized 60 

twice  crystallized 60. 

;  three  times  crystallized 

:  four  times  crystallized 60.8. 

Mean,  60.8; 


In  the  same  paper  Marignac  describes  a  similar  series  of 
experiments  made  upon  potassium  perchlorate,  KCIO4.  In 
three  experiments  it  was  found  that  the.  salt  was  not  quite 
free  from  chlorate,  and  in  three  more  it  contained  traces  of 
iron.  A  single  determination  upon  very  pure  material  gave 
46,187  per  cent,  of  oxygen  and  53.813  of  residue. 

In  1845  two  series  of   experiments  were  published  by 

Gerhardtt     The  first,  made  in  the  usual  way,  gave  these 

results : 

60.M71 


*Compt.  Rend.,  15- 959' 
f  Ann.  d.  Chem.  u.  Pharm. 
I  Compf.  Rend.,  2J,  12S0. 
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In  the  second  series  the  oxygen  was  passed  through  a 
weighed  tube  containing  moist  cotton,  and  another  filled 
with  pumice  stone  and  sulphuric  acid.  Particles  were  thus 
collected  which  in  the'  earlier  series  escaped.  From  these 
experiments  we  get — 

60.947 
60.947 

Mean,  60.9487,  zh  .oori 

These  last  results  were  afterwards  sharply  criticized  by 
Marignac,*  and  their  value  seriously  questioned. 

The  next  series,  in  order  of  time,  is  due  to  Maumenaf 
This  chemist  supposed  that  particles  of  chlorate,  mechani- 
cally carried  away,  might  continue  to  exist  as  elilorate,  un- 
decomposed ;  and  hence  that  all  previous  series  of  experi- 
ments might  give  too  high  a  value  to  the  residual  chloride. 
In  his  determinations,  therefore,  the  ignition  tube,  after 
expulsion  of  the  oxygen,  was  uniformly  heated  in  all  its 
parts.     Here  are  his  percentages  of  residue : 


The  question  which  most  naturally  arises  in  connection 
with  these  results  is,  whether  portions  of  chloride  may  not 
have  been  volatilized,  and  so  lost. 

Closely  following  Maumene's  paper  there  is  a  short  note 
by  Faget,3:  giving  certain  mean  results.  According  to  this 
chemist,  when  potassium  chlorate  is  ignited  slowly,  we  get 

«Supp.  Bibl.  Un^v.  de  Gendve,  Vol.  I. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  ,8,  71.      1S46. 

X  Ann.  d.  Chim,  et  d,  Phy^.,  (3,)  18,  go,      ,846. 
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60.847  per  cent,  of  residue.  When  the  ignition  is  rapid,  we 
get  60.942.  As  no  detailed  experiments  are  given,  these 
figures  can  have  no  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas.*  In 
the  iirst  series  we  have  the  results  obtained  by  igniting  the 
chlorate.  In  the  second  scries  the  chlorate  was  reduced  by 
strong  hydrochloric  acid,  after  the  method  followed  by 
Penny : 

F:r^t  Series. 
60.8380 
60.839s 
60.8440 
60.8473 
60.8450 

Mean,  60.84276,  ±  .0012 

Second  Seri/s. 

60.850 

60.S53 

60.844 

Mean,  60.849,  ±  ■'^■7 

In  these  experiments  every  conceivable  precaution  was 
taken  to  avoid  error  and  ensure  accuracy.  All  weighings 
were  reduced  to  a  vacuum  standard ;  from  70  to  142 
grammes  of  chlorate  were  used  in  each  experiment;  and 
the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
was  absorbed  by  finely  divided  silver  and  estimated.  It  is 
difficult  to  see  how  any  error  could  have  crept  in. 

Now,  to  combine  these  different  series  of  e 

Beizelius,   mean  resnlt 

Pelouze,  "  

Marignac,  "  

Gerhardt,  1st      "  _ — 


-  60.843,  ± 
.  60.8392,  i 
.  60,8757,  ± 
.   60.94S7,  ± 

-  60.791,      ±L 

^  60.8428,  ±: 
.  60.849,     ± 


experiments  ._ _ 60.846,    =h  .00038 

*  See  Aroiistein's  Translation,  p.  249. 
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This  value  is  exactly  that  which  Stas  deduced  from  both 
of  his  own  series  combined,  and  gives  great  emphasis  to  his 
wonderfully  accurate  work.  It  also  finely  illustrates  the 
compensation  of  errors  which  occurs  in  combining  the  fig- 
ures of  different  experimenters. 

Similar  analyses  of  silver  chlorate  have  been  made  by 
Marignac  and  by  Stas.  Marignae's  figures  I  have  not  been 
able  to  find,*  and  Stas  gives  but  two  experiments.  The  fol- 
lowing are  his  percentages  of  oxygen  in  silver  chlorate  rf 


For  the  direct  ratio  between  silver  and  chlorine  there  are 
seven  available  series  of  experiments.  Here,  as  in  many 
other  ratios,  the  first  reliable  work  was  done  by  Eerzelius.t 

He  made  three  estimations,  using  each  time  twenty 
grammes  of  pure  silver.  This  was  dissolved  in  nitric  acid. 
In  the  first  experiment  the  silver  chloride  was  precipitated 
and  collected  on  a  filter.  In  the  second  and  third  experi- 
ments the  solution  was  mixed  with  hydrochloric  acid  in  a 
flask,  evaporated  to  dryness,  and  the  residue  then  fused  and 
weighed  without  transfer.  One  hundred  parts  of  silver 
formed  of  chloride: 

*  Since  all  the  calculations  were  finished  I  have  secured  a  copy  of  Marignae's 
figures.  They  are  as  follows:  The  third  column  gives  the  percentage  of  O  in 
AgCIO,. 

24.510  grm.  AgClOj  gave  18,3616  AgCl.  25.103 

25.086 
25.074 


25.809 

t9-334S 

30.306 

23.7072 

28.358 

28.287 

2,.,S33 

57- 170 

42-S366 

25-072 

Mean,  25.088,  ±  .0044 
The  mlroduction  of  these  figures  into  the  subsequent  calculations  could  not 
produce  any  appreciable  result.      They  would  practically  vanish  from  .lie  general 
mean.     However,  they  serve  here  as  confirmation  of  Stas'  work. 
+  Aronslein's  Translation,  p.  214. 
t  Thomson's  Annals  of  Philosophy,  1820,  v.  15,  p.  89. 


.yGoogle 


SILVER,  POTASSIOM,  ETC. 


132.780 
132.790 


Mean,  132.757.  ±  ■°^9 

Turner's  work*  closely  resembles  that  of  Berzelius.  Silver 
was  dissolved  in  nitric  acid  and  precipitated  as  chloride. 
In  experiments  one,  two,  and  three  the  mixture  was  evapo- 
rated and  the  residue  fused.  In  experiment  four  the  chlo- 
ride was  collected  on  a  filter.  A  fifth  experiment  was 
made,  but  has  been  rejected  as  worthless. 

The  results  wore  as  follows :  In  a  third  column  1  put  the 
quantity  of  AgCl  proportional  to  100  parts  of  Ag. 


28.407  grabs  Agga-ve  37-737  AgO. 
41.91;        "  "         55-678      " 

40.006        "  "         S3- '43      " 

30,922         "  "         4'.070      " 


132,844 


132.837 
132.818 


: .0038 


The  same  general  method  of  dissolving  silver  in  nitric 
acid,  precipitating,  evaporating,  and  fusing  without  transfer 
of  material  was  also  adopted  by  Penny.f  His  results  for 
100  parte  of  silver  are  as  follows,  in  parts  of  chloride: 


In  1842  MarignacJ  found  that  100  parts  of  silver  formed 
132.74  of  chloride,  but  gave  no  available  details.     Later,|| 


*Phil.  Transactions,  1S29,  291. 
fPhil.  Transactions,  1839,  28. 
J  Ann.  Chem.  Phaim.,  44,  21. 
|]  See  Berzelius'  Lehrbnch,  5)h  Ed.,  Vol.  3.  pp.   i 
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in  another  series  of  determinations,  he  is  more  explicit,  and 
gives  the  following  data :     The  weighings  were  reduced  to 


vacuum 

standard. 

79-S53 
69.905 
64,905 
93.362 
99.653 

Aggav 

106.080  AgCl. 
92.864    " 
86.3(o      ■' 
122.693      ■' 
'33.3S3      ■■ 

Rati 
Mean 

,   132.844 
132.S43 
'32-825 
132.839 
'3=.84* 

,  '32.839.  ± 

.0024 

The  above  series  all  represent  the  synthesis  of  silver  chlo- 
ride. Maumene*  made  analyses  of  the  compound,  reducing 
it  to  metal  in  a  current  of  hydrogen.  His  experiments 
make  100  parts  of  silver  equivalent  to  chloride : 


132.734 
132.754 
'32,724 


Mean,  132.7364,  ±:  .0077 


By  Dumasf  we  have  the  following  estimations : 
9-954  Aggave  13.227  AgCl,  Ratio,  133.882 

19.976        "         26.542      "  132.869 


Finally,  there  are  seven  determinations  by  Stas,t  made 
with  his  usual  accuracy  and  with  every  precaution  against 
error.  In  the  first,  second,  and  third,  silver  was  heated  in 
chlorine  gas,  and  the  synthesis  of  silver  chloride  thus 
effected  directly.  In  the  fourth  and  fifth  silver  was  dis- 
solved in  nitric  acid,  and  the  chloride  thrown  down  by 
passing  hydrochloric  acid  gas  over  the  surface  of  the  solution. 
The  whole  was  then  evaporated  in  the  same  vessel,  and  the 
chloride  fused,  first  in  an  atmosphere  of  hydrochloric  acid, 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  49.      1S46. 
fAnn.  Chem.  Pharai.,  113,21.      i860. 
J  Aronstciii's  Translation,  p.  171. 
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and  then  in  a  stream  of  air.  The  sixth  syntlieais  was  simi- 
lar to  these,  only  the  nitric  solution  was  precipitated  by 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown 
down  was  washed  by  repeated  decaiitation.  All  the  de- 
canted liquids  were  afterwards  evaporated  to  dryness,  and 
the  trace  of  chloride  thus  recovered  was  estimated  in  addi- 
tion to  the  main  mass.  The  latter  was  fused  in  an  atmos- 
phere of  HCl.  The  seventh  experiment  was  like  the  sixth, 
only  ammonium  chloride  was  used  instead  of  hydrochloric 
acid.  Prom  98.3  to  399.7  grammes  of  silver  were  used  in 
each  experiment,  the  operations  were  performed  chiefly  in 
the  dark,  and  all  weighings  were  reduced  to  vacuum.  In 
every  case  the  chloride  obtained  was  beautifully  white. 
The  following  are  the  results  in  chloride  for  100  of  silver : 

132.841 

I32-S43 

132-843 

132.849 

132.846 

132.84S 

12Z.8417 
Mean,  132.8445,  ±  .oooS 

M'^e  may  now  combine  the  means  of  these  seven  series, 
representing  in  ail  thirty-three  experiments.  One  hundred 
parts  of  silver  are  equivalent  to  chlorine,  as  follows : 


Marignae  „ 
Maumen^  __ 
Dumas 


32-757- 

± 

0190 

32.832, 

± 

00^8 

32.8363 

± 

OOI2 

32.839, 

-i- 

OOZ4 

32.7364 

± 

0077 

32.8755 

± 

0044 

32.8445 

± 

0008 

32.8418 

± 

ooo5 

liere,  again,  we  have  a  fine  example  of  the  evident  com- 
pensation of  errors  among  different  series  of  experiments. 
We  have  also  another  tribute  to  the  accuracy  of  Stas,  since 
this  general  mean  varies  from  the  mean  of  his  results  only 
within  the  limits  of  his  own  variations. 
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The  ratio  between  silver  and  potassium  chloride,  or,  in 
other  words,  the  weight  of  silver  in  nitric  acid  solution 
which  can  be  precipitated  by  a  known  weight  of  KCl,  has 
been  fixed  by  Marignac  and  by  Stas.  Marignac,*  reducing 
.  all  weighings  to  vacuum,  obtained  these  results.  In  the 
third  column  I  give  the  weight  of  KCl  proportional  to  100 
parts  of  Ag. 


7238  gjm.  Ag  = 
725 

3.2626 
15.001 

KCl. 

69.067 

759 
909 
032 

15.028 
i5-'3' 
15.216 

69.066 
69.063 
69-063 

'r.350 

Mean.  69,062,  Ti= 

Stas'  experiments  upon  this  ratio  may  be  divided  into  two 
serics-t  In  the  first  series  the  silver  was  slightly  impure, 
but  the  impurity  was  of  known  quantity,  and  corrections 
could  therefore  be  applied.  In  the  second  series  pure  silver 
was  employed.  The  potassium  chloride  was  from  several 
different  sources,  and  in  every  ease  was  purified  with  the 
utmost  care.  From  10.8  to  32.4  grammes  of  silver  were 
taken  in  each  experiment,  and  the  weighings  were  reduced 
to  vacuum.  The  method  of  operation  was,  in  brief,  as  fol- 
lows: A  definite  weight  of  potassium  chloride  was  taken, 
and  the  exact  quantity  of  silver  necessary,  according  to 
Prout's  hypothesis,  to  balance  it  was  also  weighed  out.  The 
metal,  with'  suitable  precautions,  was  dissolved  in  nitric 
acid,  and  the  solution  mixed  with  that  of  the  chloride. 
After  double  decomposition  the  trifling  excess  of  silver  re- 
maining in  the  liquid  was  determined  by  titration  i^-ith  a 
normal  solution  of  potassium  chloride.  One  hundred  parts 
of  silver  required  the  following  of  KCl : 


*See  Berzelius'  Lehrbuch,  5th  edition,  V 
-}■  Aroiistein's  Tr.inslation,  pp.  250-257. 
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69.105 
6g.I03 


69.099 

69.103 

69.I0S 
69. 104 
69. 099 
69. 1034 

69.103 
69.102 


Mean,  69.103J,  =.0003 

Now,  combining  the  three  series,  with  their  thirty  experi- 
ments, we  get  the  following : 

Marignafi 69.062,     ±  .0017 

Stas,  is(  series 69.1036,  ±  .0003 

Stas,  2d  series 69.1033,  ±  .0003 

General  mean. 69.103a,  zfc  .0002 


The  quantity  of  silver  chloride  whioh  can  be  formed  from 
a  known  weight  of  potassium  chloride  has  also  been  deter- 
mined by  Berzelius,  Marignac,  and  Maumene.  Berzelius* 
found  that  100  parts  of  KCI  were  equivalent  to  194.2  of 


**PoBgcn(l.  Anna!.,  8,  i 
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AgCl;  a  value  which,  corrected  for  weighings  in  air,  be- 
comes 192.32.  This  experiment  will  not  be  included  in  our 
discussion. 

In  1842  Marignae*  published  two  determinations,  with 
these  results  from  100  KCl : 


Mean,  corrected  for  weighing  in  air,   192,26,  ±  .003 

In  1846  Marignaet  published  another  set  of  results,  as 
follows.  The  weighings  were  reduced  to  vacuum.  The 
usual  ratio  is  in  the  third  column. 

17034  gim-  KCl  gave  32.;5l   AgCl.  192.327 

27.749  "  192-34' 

28.910  "  192-374 

29,102  "  192.334 

29,271  "  192.370 

Mean,   192,349,   ±  ,oo5 

Three  estimations  of  the  same  ratio  were  also  made  by 
Maumene,J  as  follows : 

10.700  grm.  KCl  gave  20,627  AgCl,  192,776 

,0.5195  ■'  20,273     •'  '92-71& 

8.587  "  16,556      "  192,803 

Mean,  192-765.  ±  ■0'7 

The  three  series  of  ten  experiments  in  all  foot  up  thus: 

Marignae,  1842  ___ 192.260,  ±  .003 

1846 192,349,  ±  .006 

Maumene 192-765,  ±  ,017 


General  mean 192,294,  ±  -0029 

These  figures  show  clearly  that  the  ratio  which  they  rep- 
resent is  not  of  very  high  importance.  It  might  be  rejected 
altogether  without  impropriety,  and  is  only  retained  for  the 

*Ann.  Chem.  Pharm.,  44,  21,     1842. 

^  Berzelius'  Lehrbuch,  5th  Ed„  Vol.  3,  pp.  1192,  1193, 

JAnn.  d,  Chim.  e*  d,  Phys.,  (3,)  18,41-      1S46. 
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sake  of  completeness.     It  will  obviously  receive  but  little 
weight  in  our  final  discussion. 

In  estimating  the  atomic  weight  of  bromine  the  earlier 
experiments  of  Balard,  Berzelius,  Liebig,  and  Lowig  may  all 
be  rejected.  Their  results  were  all  far  too  low,  probably  be- 
cause chlorine  was  present  as  an  impurity  in  the  materials 
employed.  Wallace's  determinations,  based  upon  the  anal- 
ysis of  arsenic  tribromide,  are  tolerably  good,  but  need  not 
be  considered  here.  In  the  present  state  of  our  knowledge, 
Wallace's  analyses  are  better  fitted  for  fixing  the  atomic 
weight  of  arsenic,  and  will,  therefore,  be  discussed  with  ref- 
ference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely 
similar  to  those  involving  chlorine.  In  the  first  place  there 
are  the  analyses  of  silver  bromate  by  Stas.*  In  two  careful 
experiments  he  found  in  this  salt  the  following  percentages 
of  oxygen : 


There  are  also  four  analyses  of  potassium  bromate  by 
Marignac.t  The  salt  was  heated,  and  the  percentage  loss  of 
oxygen  determined.  The  residual  bromide  was  feebly  alka- 
line. We  cannot  place  much  reliance  upon  this  series. 
The  results  are  as  follows : 

28.;oi6 
28,6496 


When  silver  bromide  is  heated  in  chlorine  gas,  silver 
chloride  is  formed.     In  1860  DumasJ  employed  this  method 

*  Aronstein's  Translation,  pp.  200-206. 

f  See  E,  Mulder's  Overjigl,  p.  Iiji  or  Berzelius'  Jahresbericht,  24,72' 

t  Ann.  Chem.  Pharm.,  113,  20. 
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for  estimating  the  atomic  weight  of  bromine.  His  results 
are  as  follows :  In  the  third  column  I  give  the  weight  of 
AgBr  equivalent  to  100  parts  of  AgCl. 


i:  1.547  Aga. 
3.^35     " 


This  series  is  evidently  of  but  little  value. 

But  the  two  ratios  upon  which,  in  connection  with  Stas' 
analyses  of  silver  bromate,  the  atomic  weight  of  bromine 
chiefly  depends  are  those  which  connect  silver  with  the 
latter  element  directly  and  silver  with  potassium  bromide. 

Marignac,*  to  effect  the  synthesis  of  silver  bromide,  dis- 
solved the  metal  in  nitric  acid,  precipitated  the  solution 
with  potassium  bromide,  washed,  dried,  fused,  and  weighed 
the  product.  The  following  quantities  of  bromine  were 
found  proportional  to  100  parts  of  silver : 

74.072 
74-055 

Mean,  reduced  to  a  vacuum  standard,  74.077,  it  .003 

Much  more  elaborate  determinations  of  this  ratio  are  due 
to  Stas.f  ■  In  one  experiment  a  known  weight  of  silver  was 
converted  into  nitrate,  and  precipitated  in  the  same  vessel 
by  pure  hydrobromic  acid.  The  resulting  bromide  was 
washed  thoroughly,  dried,  and  weighed.  In  four  other 
estimations  the  silver  was  converted  into  sulphate.  Then  a 
known  quantity  of  pure  bromine,  as  nearly  as  possible  the 
exact  amount  necessary  to  precipitate  the  silver,  was  trans- 
formed into  hydrobromic  acid.  This  was  added  to  the 
dilute  solution  of  the  sulphate,  and,  after  precipitation  was 
complete,  the  minute  trace  of  an  excess  of  silver  in  the  clear 
supernatant  fluid  was  determined.     All  weighings  were  re- 

*E,  Mulder's  Overzigt,  p.  116.      Berzelius' Jahresbericht,  Z4,  72. 
f  Aronslein's  Translalion,  pp.  154-170. 
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duced  to  a  vacuum.  From  these  experiments,  taking  both 
series  as  one,  we  get  the  following  quantities  of  bromine 
corresponding  to  100  parts  of  silver : 


74.0790 
74-0795 
74.0805 
74.0830 


Combining  thin  with  Maiignac's  result,  74.077,  ±  .003,  we 
get  as  a  general  mean  the  value  74.0809,  it  .0006.* 

The  ratio  between  silver  and  potassium  bromide  was  first 
accuratelj'  determined  by  Marignae.f  I  give,  with  his 
weighings,  the  quantity  of  KBr  proportional  to  100  parts  of 
Ag: 

2.131  sm.  Ag„    a.3ii  KBr. 


2-559 

2.823     '■ 

^-447 

a.  700    " 

3-025 

'■ 

3-336    " 

3.946 

4-353     '• 

1,569 

12.763    •■ 
32,191     " 

Mtai 

,  corrected  for  weighing 

Stas,|  working  in  essentially  the  same  manner  as  when 
he  fixed  the  ratio  between  potassium  chloride  and  silver, 
obtained  the  following  results : 


""  O.  W.  lliiiitington,  in  hU  paper  upon  tlie  atomic  weight  of  cadmium,  {Amet. 
Acad.  Proc,  1881,)  gives  three  analyses  and  three  syntheses  of  silver  bromide. 
These  give  a  Ihean  value  of  Ag  ;  Br  ; :  100  1  74.064.  This  figure  I  record  here 
in  order  that  other  chemists  may  not  overlook  the  work  of  Mr.  Huntington, 
although  it  came  out  too  late  for  use  in  my  own  calculations. 

j-E.  Mulder's  Overzigt,  p.  116.     ]Jer«liu'i'  Jahresbericht,  24,  72. 

J  Aronstein's  Translation,  pp.  334-347. 
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Combining  this  with  Marignac's  mean  result,  110.343,  it 
.005,  we  get  a  general  mean  of  110.3459,  it  .0019. 

The  ratios  upon  which  we  must  depend  for  the  atomic 
weight  of  iodine  are  exactly  parallel  to  those  used  for  the 
determination  of  bromine. 

To  begin  with,  the  percentage  of  oxygen  in  potassium 
iodate  has  been  determined  by  Millon,*  In  three  experi- 
ments he  found  : 

23.46 


Millon  also  estimated  the  oxygen  in  silver  iodate,  getting 
the  following  percentages : 


The  analysis  of  silver  iodate  has  also  been  performed  with 
i!xtreme  care  by  Stas.f     From  76  to  157  grammes  were  used 


I.  d.  Chim,  et  d.  Phys.,  (3,)  9,  40O. 
nsteins' Tmnsklion,  pp.  179-200. 
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in  each  experiment,  the  weights  bemg  reduced  to  a  vacuum 
standard.  As  the  salt  could  not  be  prepared  in  an  abso- 
lutely anhydrous  condition,  the  water  expelled  in.  each 
analysis  was  accurately  estimated  and  the  necessary  correc- 
tions applied.  In  two  of  the  experiments  the  iodate  was 
decomposed  by  heat,  and  the  oxygen  given  off  was  fixed 
upon  a  weighed  quantity  of  copper  heated  to  redness. 
Thus  the  actual  weights,  both  of  the  oxygen  and  the  resid- 
ual iodide,  were  obtained.  In  a  third  experiment  the  iodate 
was  reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and 
the  oxygen  was  estimated  only  by  difference.  In  the  three 
percentages  of  oxygen  given  below  the  result  of  this  analysis 
comes  last.     The  figures  for  oxygen  are  as  follows : 

16.976 

16.972 

Mean,   16.9747,   ±  .0009 

This,  combined  with  Millon's  series  above  cited,  gives  us 
a  general  mean  of  16.9771,  ±  .0009. 

The  ratio  between  silver  and  potassium  iodide  seems  to 
have  been  determined  only  by  Marignac,*  and  without  re- 
markable accuracy.  In  five  experiments  100  parts  of  silver 
were  found  equivalent  to  potassium  iodide  as  follows : 


r.5i6  gim.  Ag  =    2.483  I 
2.503  "  3.846 

3.427  ■'  5.268 


10.821  "  16.643     " 

Mean,   153-6994,  ±  .0178 

The  synthesis  of  silver  iodide  has  been  effected  by  both 
Marignac  and  Stas.  Marignac,  in  the  paper  above  cited, 
gives  these  weighings.  In  the  last  column  1  add  the  ratio 
between  iodine  and  100  parts  of  silver : 

15.000  grm.  Aggave  32.625  Agl.  "7.5O0 

14,790  "  32.170       "  117-512 

18.545  "  40.339       "  117-519 

Mean,  corrected  for  weighing  in  air,  117.5335,  ±  .0036 

*  Berzelius'  I.ehrbucli,  5th  Ed.,  3,  II96, 
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Sta8*  in  his  experiments  worked  after  two  methods,  which 
gave,  however,  results  concordant  with  each  other  and  with 
those  of  Marignac. 

In  the  first  series  of  experiments  Stas  converted  a  known 
weight  of  silver  into  nitrate,  and  then  precipitated  with 
pare  hydriodic  acid.  The  iodide  thus  thrown  down  was 
washed,  dried,  and  weighed  without  transfer.  By  tliis 
method  100  parts  of  silver  were  found  to  require  of  iodine  : 


Mean,   117.5325,  zb  .0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide 
from  known  weights  of  iodine  and  metal  was  performed. 
The  iodine  was  dissolved  in  a  solution  of  ammonium  sul- 
phite, and  thus  converted  into  ammonium  iodide.  The 
silver  was  transformed  into  sulphate  and  the  two  solutions 
mixed.  When  the  precipitate  of  silver  iodide  was  com- 
pletely deposited  the  supernatant  liquid  was  titrated  for  the 
trifling  excess  of  iodine  which  it  always  contained.  As  the 
two  elements  were  weighed  out  in  the  ratio  of  127  to  108, 
while  the  atomic  weight  of  iodine  is  probably  a  little  under 
127,  this  excess  is  easily  explained.  From  these  experi- 
ments two  sets  of  values  were  deduced ;  one  from  the 
weights  of  silver  and  iodine  actually  employed,  the  other 
from  the  quantity  of  iodide  of  silver  collected.  From  tlie 
first  set  we  have  of  iodine  for  100  parts  of  silver : 

"7-539° 
117.5380 
"7-5318 
117-5+30 
117,5430 
117.5300 

Mean,  117.5373,  ±  -0015 

From  the  weight  of  silver  iodide  actually  collected  we 
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get  as  follows.     For  experiment  number  three  in  the  above 
column  there  is  no  equivalent  here : 

117.529 

'17.531 

117.539 

117-538 

117-530 

Mean,  117.5334.  =t  -ooH 

Now,  combining  these  several  sets  of  results,  we  have  the 
following  general  mean : 

Marignac ii7-5335.  ± -Oo3<> 

Stas,  i5t  aeries 117.5325,  ±  .0034 

"     2d      "     "7.5373.  ± -0015 

"     3d      "     .    117.5334,  ± -0014 

Generalmean _   "7-5345.  =!;  .0009 

One  other  comparatively  unimportant  iodine  ratio  re- 
mains for  us  to  notice.  Silver  iodide,  heated  in  a  stream  of 
chlorine,  becomes  converted  into  chloride;  and  the  ratio 
between  these  two  salts  has  been  thus  determined  by  Ber- 
zelius  and  by  Dumas. 

From  Berzelius*  we  have  the  following  data:  In  the 
■third  column  I  give  the  ratio  between  Agl  and  100  parts  of 
AgCl. 

5.000  grill.  Agl  gave  3. 062  AgCl.  163,292 

12.212  '■  7.4755      "  1^3-360 

Mean,   163.326,   ±  .023 

Dumas't  results  were  as  follows : 

3.520  grm.  Agl  gave  2,149  AgCl.  i<i3-?93 

7.DII  ■■  i.zSi        '■  163-770 

Mean,  163.782,  ±z  .008 

General  mean  from  the  combination  of  both  series, 
163.733,  ±  .007G. 

We  now  come  to  the  ratios  connecting  sulphur  with  silver 

*  Ann.  d.  Chim.  et  d.  Phys.,  [2,)  40,  430.     1829. 
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and  chlorine.  Other  ratios  have  been  applied  to  the  deter- 
mination of  the  atomic  weight  of  sulphur,  but  they  are 
hardly  applicable  here.  The  earlier  results  of  Eerzelius 
were  wholly  inaccurate,  and  his  later  experiments  upon  the 
synthesis  of  lead  sulphate  will  be  used  in  discussing  the 
atomic  weight  of  lead.  Erdmann  and  Marehand  deter- 
mined the  amount  of  calcium  sulphate  which  could  be 
formed  from  a  known  weight  of  pure  Iceland  spar;  and 
later  they  made  analyses  of  cinnabar,  in  order  to  iix  the 
value  of  sulphur  by  reference  to  calcium  and  to  mercury. 
Their  results  will  be  applied  in  this  discussion  towards  ascer- 
taining ths  atomic  weights  of  the  metals  just  named.  For 
our  present  purposes  only  three  ratios  need  be  considered. 

First  in  order  let  us  take  up  the  composition  of  silver 
sulphide,  as  directly  determined  by  Dumas,  Stas,  and  Cooke. 
Dumas'*  experiments  were  made  with  sulphur  which  had 
been  thrice  distilled  and  twice  crystallized  from  carbon  di- 
sulphide.  A  known  weight  of  silver  was  heated  in  a  tube 
in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  dis- 
tilled away  in  a  current  of  carbon  dioxide,  and  the  resulting 
silver  sulphide  was  weighed. 

I  subjoin  Dumas'  weighings,  and  also  the  quantity  of 
AggS  proportional  to  100  parts  of  Ag,  as  deduced  from 
them; 


9.9393  grm.  Ag=  1.473  S, 

Ratio, 

114.820 

9.963      ■■     1. 4755  ■' 

" 

114.811 

30-637      "    4-546  " 

114.838 

30.936      "    4.586  " 

114-824 

30.720      "    4.554  .' 

" 

114.824 

Mean,   114.8234,   ±  .0029 

Dumas  used  from  ten  to  thirty  grammes  of  silver  in  each 
experiment.  Stas,t  however,  in  his  work,  employed  from 
sixty  to  two  hundred  and  fifty  grammes  at  a  time.  Three 
of  Stas'  determinations  were  made  by  Dumas'  method,  while 
in  the  other  two  the  sulphur  was  replaced  by  pure  sulphu- 

*  Ann.  Chevn.  Pharm.,  113,  24.     r86o 
t  Aroiistein's  Translation,  p,  179. 
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retted  hydrogen.  In  all  cases  the  excess  of  sulphur  was  ex- 
pelled by  carbon  dioxide,  purified  with  scrupulous  care. 
Impurities  in  the  dioxide  may  cause  serious  error.  The 
five  result  come  out  as  follows  for  100  parts  of  silver : 


Mem,  114.8532,  ±  .0007 

The  experiments  made  by  Professor  Cooke*  with  reference 
to  this  ratio  were  only  incidental  to  his  elaborate 'researches 
upon  the  atomic  weight  of  antimony.  They  are  interesting^ 
however,  for  two  rcEisons :  they  servo  to  illustrate  the  vola- 
tility of  silver,  and  they  represent,  not  syntheses,  but  reduc- 
tions of  the  sulphide  by  hydrogen.  Cooke  gives  three  series 
of  results.  In  the  first  the  silver  sulphide  was  long  heated 
to  full  redness  in  a  current  of  hydrogen.  Highly  concord- 
ant and  at  the  same  time  plainly  erroneous  figures  were  ob- 
tained ;  the  error  being  eventually  traced  to  the  fact  that 
some  of  the  reduced  silver,  although  not  heated  to  it^  melt- 
ing point,  was  actually  volatilized  and  lost.  The  second 
series,  from  reductions  at  low  redness,  are  decidedly  better. 
In  the  third  series  the  sulphide  was  fully  reduced  below  a 
visible  red  heat.  liejecting  the  first  series  we  have  from 
Cooke's  figures  in  the  other  two  the  subjoined  quantities  of 
sulphide  corresponding  to  100  parts  of  silver : 


7.54II  grm.  Ag,S  lost  .9773  g™- 

5.0364            "            Mh      " 

2.5815                "               -3345       '■ 
2.6130                '■               .3387        ■' 

S.     RalLo, 

114.889 

114.886 
114.892 

2.5724              "             -3334      ■' 

1. 4-89 1 

Mean, 

114.888,    ±.0012 

■   1.I357  gnn.AgjS  1051.14655. 
.,2936              '■              .1670" 

Ratio. 

114.810 
114.823 

Mean, 

.14.8165,    ±.0044 

n  Acarf.  of  Arts  and  Sciences,  v 
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Now,  combining  ali  four  aeries,  we  get  the  following  re- 
sults : 

Dumas 114,8234,  ±  .0039 

Stas 114.8522,  ±  .0007 

Cooke's  2d 114.888,    .-t  .0012 

"         3d 114. 8165,  ±  .0044 


Central  mean 114.85S1,  ±  .0006 

Here  again  we  encounter  a  curious  and  instructive  com- 
pensation of  errors,  and  another  evidence  of  the  accuracy  oi 
Stas.  . 


The  percentage  of  silver  in  silver  sulphate  has  been  de- 
termined by  Struve  and  by  Stas.  Struve*  reduced  the  sul- 
phate by  heating  in  a  current  of  hydrogen,  and  obtained 
these  results : 


&.0543 
8.6465 
11.6460 


]jrm.  AgjSO,^  s 

"e  S'Sglogfrn 

H- 

69. 

4.1922 

60. 

5-9858 

6q. 

8.0608 

bQ. 

6-3045 

60. 

6.277S 

69. 

Stas,t  working  by  essentially  the  same  method,  with  from 
56  to  83  grammes  of  sulphate  at  a  time,  found  these  per- 


Combining  this  mean  with  that  from  Struve's 
get  a  general  mean  of  69.205,  ±  .0011. 
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The  third  and  last  sulphur  ratio  witli  which  we  have  now 
to  deal  is  one  of  minor  importance.  When  silver  chloride 
is  heated  in  a  current  of  sulphuretted  hydrogen  the  sul- 
phide is  formed.  This  reaction  was  applied  hy  Berzelius* 
to  determining  the  atomic  weight  of  sulphur.  He  gives  the 
results  of  four  experiments ;  but  the  fourth  varies  so  widely 
from  the  others  that  I  have  rejected  it.  I  have  reason  to 
believe  that  the  variation  is  due,  not  to  error  in  experiment, 
but  to  error  in  printing ;  nevertheless,  as  I  am  unable  to 
track  out  the  cause  of  the  mistake,  I  must  exclude  the  fig- 
ures involving  it  entirely  from  our  discussion. 

The  three  available  experiments,  however,  give  the  fol- 
lowing results :  The  last  column  contains  the  ratio  of  silver 
sulphide  to  100  parts  of  chloride. 

6.6075  grm.  AgCl  gave  5.715  grm,  Ag^S.  86.4.78 

9.3323  "  7-98325        "  ^^-471 

10.1775  "  8.80075        "  86.472 


Wo  have  also  a  single  determination  of  this  value  by 
Svtinberg  and  Struve-t  After  converting  the  chloride  into 
sulphide  they  dissolved  the  latter  in  nitric  acid.  A  trifling 
residue  of  chloride,  which  had  been  enclosed  in  sulphide, 
and  so  protected  against  change,  was  left  undissolved. 
Hence  a  slight  constant  error  probably  affects  this  whole 
ratio.  The  experiment  of  Svanberg  and  Struve  gave  86.472 
per  cent,  of  silver  sulphide  derived  from  100  of  chloride. 
If  we  assign  this  figure  equal  weight  with  the  results  of 
Berzelius,  and  combine,  we  get  a  general  mean  of  86.4733, 
±  .0011. 

For  sodium  there  are  but  two  ratios  of  any  definite  value 
for  present  purposes.  The  early  work  of  Berzelius  we  may 
disregard  entirely,  and  confine  ourselves  to  the  considera- 
tion of  the  results  obtained  by  Penny,  Pelouze,  Dumas,  and 


*  Berzelius'  Lehrbuch,  5th  Ed.,  Vol,  3,  p.  1 
f  joura.  fur  Prakt.  Chem.,  44,  320.      1848. 
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The  percentage  of  oxygen  in  sodium  chlorate  has  been 
determined  only,  by  Penny,*  who  used  the  same  method 
wliich  he  applied  to  the  potassium  salt.  Four  experiments 
gave  the  following  results : 


45-075 


45.067 


Mean,  45.0705,  zh  .0039 

The  ratio  between  silver  and  sodium  chloride  has  been 
fixed  by  Pelouze,  Dumas,  and  Staa.  Pelouzef  dissolved  a 
weighed  quantity  of  silver  in  nitric  acid,  and  then  titrated 
with  sodium  chloride.  Equivalent  to  100  parts  of  silver  he 
.  found  of  chloride : 


By  Dumast  we  have  seven  experiments,  with  results  as 
follows :  The  third  column  gives  the  ratio  between  100  of 
silver  and  NaCi. 


2.0535  gfm.  NaCl  =     3.788  gmi.  Ag. 


2.169 

4.0095  ■' 

54-097 

4.3554 

8.0425  '■ 

54-155 

6.509 

12.0140 

54.178 

6.413 

■1-8375    " 

54.17s 

2.1746 

4.012 

54.202 

,  54. '72.  ±  ■°09^ 


Stas,||  applying  the  method  used  in  establishing  the  sim- 
ilar ratio  for  potassium  chloride,  and  working  with  salt  from 


*  Phil.  Transactions,  1839,  p.  25. 
f  Conipt.  Rend.,  20,  1047.      1845. 
J  Ann.  Chem.  Phann.,  113,  31.      ri 
II  Aronslein's  Translation,  p.  274. 
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six  different  sources,  found  of  sodium  chloride  equivalent 
to  100  parts  of  silver: 

54-2093 

54,2o8S 

54.^070 

54,2070 

54.2070 

S4.J07fi 


Now,  combining  these  three  series,  we  gei  the  following 
result : 

Pelouic 54.141,    ±  .0063 

Dumas 54.172,    zt  .0096 

Sta-s 54.2078,  ±  .0002 


Here  the  work  of  Stas  is  of  such  superior  excellence  that 
the  other  series  might  he  completely  ri^jeetcd  without  ap- 
preciably affecting  our  calculations. 

We  have  now  before  us  the  data  establishing,  with  greater 
or  less  accuracy,  twenty  different  ratios  relating  to  the 
atomic  weights  of  the  seven  elements  under  discussion.  In 
these  we  are  to  discuss  the  results  of  about  two  hundred  and 
fifty  separate  experiments.  Before  beginning  upon  our  cal- 
culations we  will  tabulate  our  ratios,  and  number  them  for 
convenient  future  reference.  Of  course  it  will  be  under- 
stood that  the  probable  errors  given  below  relate  to  the  last 
term  of  each  proportion ; 


)  Percentage  of  O  in  KCIO3    J9'54.    i 

KBrOj   _-.    28.6755,  ± 

■'         KIO,     - 22.473.    ± 

"         NaClO, 45.0705,  ± 

AgClOj  - -.  25.0795'  ± 

AgHrOj 20.349,    ± 

Agio,    16,9771.  ± 

AgiiiAgjSO,    <i9.205,    ± 

3 
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)  Ag  :  NaCl  : :  I 

00  :  54.2076,  =  .0002 

)  Ag  :  KCl  ; :  IC 

•0;  69.1032.  ±  .0002 

)   Ag  :  KCr  .  M 

10:  110.3459,  ±  .0019 

)  Ag  :  KI  :  :  i<v 

:  153-6994.  ±  .0178 

)  Ag  :  CI  r :  loo 

32.841S,  It  .0006 

)  Ag  :  Br  :  ;  100 

:  74.0809,  +:  .0006 

)  Ag  ;  I ;  :  100 

117.5345.  ±  -oo^i. 

)  Ag  :  A&S  : ;  1 

00:  114.8381,  ±  .0006 

)  KCl  :  AgCl  ; : 

100  :  193.394.  =  .0039 

)  AgCl  :  AgBr  : 

100  :  131.030,  :i:  .023 

)  AgCl  :  Agl  :  : 

100  r  163.733,  =fc  -0076 

)  AgCI  r  A5,S  : 

ico  :  86.4733. -.oor  I 

Now,  from  ratios  1  to  7  inclusive,  we  can  at  onoe,  by- 
applying  the  known  atomic  weight  of  oxygen,  deduce  the 
molecular  weights  of  seven  haloid  salts.  Let  us  consider 
the  first  calculation  somewhat  in  detail. 

Potassium  chlorate  yields  39.154  per  cent,  of  oxygen  and 
60.846  per  cent,  of  residual  chloride.  For  each  of  these 
quantities  the  probable  error  is  dr  .00038.  The  atomic 
weight  of  oxygen  is  15.9633,  ±  .0035,  so  that  the  value  for 
three  atoms  becomes  47.8899,  ±  .0105.  We  have  now  the 
following  simple  proportion:  39.134 :  G0.840  : :  47.8899  :  x,  = 
the  molecular  weight  of  potassium  chloride,  —  74.4217. 
The  probable  error  being  knoi^Ti  for  the  first,  second,  and 
third  term  of  this  proportion,  we  can  easily  find  that  of  the 
fourth  term  by  the  formula  given  in  our  introduction.  It 
comes  out  ±  .0164.  By  this  method  we  obtain  the  follow- 
ing series  of  values,  which  may  conveniently  be  numbered 
consecutively  witli  the  foregoing  ratios : 


(21.)  KCl, 

fmm  (I,)  . 

=    74.431 

,  ±  .0164 

(22.)   KBi-. 

"     (2,)- 

=  119.117 

± .0962 

(S3.)  KI, 

"     (3.)  = 

-.  165.210 

±  .0529 

(34-)  NaCl, 

"     (4.)  = 

=    58.366 

±  -0137 

(as.)  AgCl, 

"     (5.)  = 

=  143-062 

(26.)  AgBr, 

"     (6,)^ 

=  187.453 

±-0432 

(27.)  Agl, 

"     (7,)- 

-  234.19s 

i^  -0530 

With  the  help  of  these  molecular  weights  we  are  now 
able  to  calculate  eight  independent  values  for  the  atomic 
weight  of  silver : 
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from  (lo)  and  (21,)  Ag 


Second, 

(11) 

■   te) 

Third. 

(12) 

'    (23,) 

Fourth, 

(9) 

■    I24.I 

Fifth, 

(13) 

■    («(.l 

Sixth, 

1141 

■    126,1 

Seventh, 

(■5) 

•    (27.1 

Eighth, 

(») 
Genet 

a  mean, 

=    107.696,    ± 

024 

=    107.948,    ± 

OS7 

=    107.488,    ± 

0.17 

=:  107.671.  =t 

02  s 

=  107,694,  ± 

024 

=  107-681,  ± 

02  s 

=  107.659,  ± 

=  107.713,  zh 

025 

=  '07-675.  ± 

0096 

It  is  noticeable  that  six  of  these  values  agree  very  well. 
The  second  and  third,  however,  diverge  widely  from  the 
average,  but  in  opposite  directions ;  they  have,  moreover, 
high  probable  errors,  and  consequently  little  weight.  Of 
these  two,  one  represents  little  and  the  other  none  of  Stas' 
work.  Their  trifling  influence  upon  our  final  results  be- 
comes curiously  apparent  in  the  series  of  silver  values  given 
a  little  further  along. 

When  we  consider  closely,  in  all  of  its  bearings,  any  one 
of  the  values  just  given,  we  shall  see  that  for  certain  pur- 
poses it  must  be  excluded  from  our  general  mean.  For 
example,  the  first  is  derived  partly  from  the  ratio  between 
silver  and  potassium  chloride.  From  this  ratio,  the  atomic 
weight  of  one  substance  being  known,  we  can  deduce  that 
of  the  other.  We  have  already  used  it  in  ascertaining  the 
atomic  weight  of  silver,  and  the  value  thus  obtained  is  in- 
cluded in  our  general  mean.  But  if  from  it  we  are  to  deter- 
mine the  molecular  weight  of  potassium  chloride,  we  must 
use  a  silver  value  derived  from  other  sources  only,  or  we 
should  be  assuming  a  part  of  our  result  in  advance.  In 
other  words,  we  must  now  use  a  general  mean  f^r  silver 
from  which  this  ratio  with  reference  to  silver  has  been  re- 
jected. Hence  the  following  series  of  silver  values,  which 
are  lettered  for  reference : 

A.    General  mean  from  all  eight 107.675,  zh  .0096 

rejecting  the  first 107.671, 

"  second 107.671, 

"  third 107.679, 

"  fourth 107.675,  ±  .0104 

"  fifth 107.671,  ±  .0105 

"  sixth 107.674,  ±  .0104 

"  seventh 107.678,  ±  .0105 


ighth,. 


'7-679, 
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These  values  are  essentially  the  same,  both  in  magnitude 
and  in  weight.  For  all  practical  purposes  any  one  of  them 
is  as  good  as  any  other.  Still,  on  theoretical  grounds,  it 
may  be  well  to  keep  them  distinct  and  separate  in  the  re- 
mainder of  this  discussion. 

We  are  now  in  a  position  to  determine  more  closely  the 
molecular  weights  of  the  haloid  salts  which  we  have  already 
been  considering. 

For  silver  chloride,  still  employing  the  formula  for  the 
probable  error  of  the  last  term  of  a  proportion,  we  get  the 
following  values : 

From  (5) AgCl  =  143.062,  ± 

From  (13)  aniJ  (F) "     ^  Hl-Oi^,  i 

From  (17)  and  (21) "     =143.108,4: 

From  (18)  and  (26) "     =  143.061,  zh  .< 

From  (19)  and  (27) "      =  I43.035.  ±:  •' 


Central  mean "     =  143.045,  ±  .oioS 

Subtracting  from  this  the  atomic  weight  of  silver,  107.675, 
±  ,0096,  we  get  for  the  atomic  weight  of  chlorine,  01  ;= 
35.370,  ±  .014.  • 

For  silver  bromide  we  have  these  results : 

From  (6) AgBr  =  187.453.  ±  -043 

From  (14)  and  (G) "     =  187.440,  ±  .018 

From  (18)  and  (25) "     ■=  187,454,  zb  .053 


General  mean "     =  187.443,  ±  -Olo 

Hence,  using  the  general  moan  for  silver  as  above,  Br  - 
r9.768,  it  .019. 
Silver  iodide  comes  out  as  follows : 

From  (7) Agl  =  234.195.  ±  .053 

From  (15)  and  (H) "    ^234.237,^^,023 

From  (19)  and  (25) "    =:  234.240,  zb  ,054 

General  mean "    =  234,232,  ±   019 

Hence  I  =  126.557,  ±  .022. 

For  the  molecular  weight  of  sodium  chloride  we  have  : 

From  (4) _.NaCl  =  S8.3G6,    ziz  ,0137 

From  (9)  and  (E) '•     =58,368,    zb  ,0056 

General  mean "     ^  58,3676,  zb  .0052 
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Hence,  if  chlorine  =  35.370,  ±  .014,  then  Na  =  22.998, 
±  .011. 
For  potassium  chloride : 

From  (i) KCl  =  74.4!'7.  ±  -oiS 

From  (lo)  and  (B) "    =  74.4041,  d;  .007 

From  (17) and  (25) ■'    =  74-397Si  ± -Oi? 

General  mean "    =  74.4057,  ±  .0062 

For  potassinm  bromide  we  get ; 

From  (2)  ___ KBr  =r=  119.117,  ±=  .096 

From  (I  r)  and  (C) "    =  ll8.8ro,  ±  .OiiS 


And  for  potassium  iodide : 

From  (3) KI  =  165-210.  ±  -^Si 

From  (12)  and  (D) "    =  165.502,  -  .029 

General  mean "    =  165.432,  ±  .026 

Xow,  taking  tlie  molecular  weights  of  these  three  potan- 
sium  salts  in  connection  with  the  atomic  weights  just  found 
for  chlorine,  bromine,  and  iodine,  we  get  these  values  for 
potassium : 

From  the  chloride K  .=  39.036,  ±  .016 

From  Ihe  bromide "  ^^  39.047,  ±  .022 

From  tbe  iodide. __-  "  =  38.875,  ±  .034 

General  mean "  ^39:019,=!=  .012 

Finally,  the  three  sulphur  ratios  give  us  tliroc  e.stimates 
for  the  atomic  weight  of  sulphur.  In  the  third  of  these  I 
have  applied  the  "A"  value  lor  silver  and  the  general  mean 
for  silver  chloride : 

From  (S)  and  (1) S  r^  31.968,  ±  .014 

From  (16)  and  (1) '■  =  31.995,  ±  .032 

From  (20) "  =;  32.041,  ±  .028 

Gencrdmea.1 ":_  31.984,  ±  .012 

We  may  now  appropriately  compare  the  results  of  this 
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discussion  with  the  atomic  weights  deduced  by  Htas  from 
his  own  experiments  only.  His  values  are  given  under  two 
headings :  one  for  oxygen  =  ll>,  the  other  for  0  —  15.96. 
As  we  have  been  using  the  figure  15.9633  for  oxygen,  here 
is  at  the  outset  a  discrepancy.  Starting  from  this  vahie  we 
found : 

Ag  -—.  107.675,  z!t  .0096 

a  -^  35-370. 

Br  :.--    79.768, 

r    ^  126.557. 

Na—    2: 

K    =    39.019, 

S     ---    31.984, 

If  we  assume  16  to  be  the  true  figure  for  oxygen,  we  get 
the  following  results,  which  I  have  placed  in  a  column  par- 
allel with  the  values  ibund  by  Stas : 

77(6  Mevu  Values.         Sliu.  DiffereiK-n. 


Chlorine  _ 
Bromine  _ 


.  107.923 

35-45' 

■  79- 95 1 

.  126.848 

Sodium 23.051 

Potassium 39. 109 

Sulpliur ..__  32.058 


These  differences  arc  insignificant.  No  other  criticism 
could  more  severely  test  the  character  of  Stas'  work,  or  more 
definitely  illustrate  his  magnificent  accuracy  of  manipula- 
tion. 
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The  atomic  weight  of  nitrogen  has  been  deteraiined  from 
the  density  of  the  gas,  from  the  ratio  between  ammonium 
chloride  and  silver,  and  from  the  composition  of  certain 
nitrates. 

Upon  the  density  of  nitrogen  a  great  many  experiments 
have  been  made.  In  early  times  this  constant  was  deter- 
mined by  Biot  and  Arago,  Thomson,  Dulong  and  Berzelius, 
Lavoisier,  and  others.  But  all  of  these  investigations  may 
be  disregarded  as  of  insufficient  accuracy ;  and,  a.s  in  the  case 
of  oxygen,  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  and  by  Regnault. 

Taking  air  as  unity,  Dumas  and  Boussingault*  found  the 
density  of  nitrogen  to  be — 


Mean,  .972,  =  .00078 

j'^or  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic 
weight  of  oxygen,  the  same  investigators  found  a  mean  of 
.0693,  zb  .00013.  Upon  combining  this  with  the  above 
nitrogen  mean,  we  find  for  the  atomic  weight  of  the  latter 
clement,  N  =  14.026,  ±  .0295. 

By  Eegnaultf  much  closer  work  was  done.  He  found  the 
density  of  nitrogen  to  be  as  follows  : 

■97148 

.9714S 

■97154 

■971SS 

.gjioK 


'  Compt.  Renil.,  iz,  looj. 
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For  hydrogen,  Regnault's  meau  value  is  .069263,  ± 
.000019.  Hence,  combining  as  before,  N  ~  14  0244  ± 
.0039.* 

The  value  found  by  combining  both  scries  of  experiments 

is  N  =  14.0244,  ±  .0039. 

In  discussing  the  more  purely  chemical  ratios  for  estab- 
lishing the  atomic  weight  of  nitrogen,  we  may  ignore,  for 
the  present,  the  researches  of  Berzelius,  of  Anderson,  and  of 
Syanberg.  These  chemists  experimented  chiefly  upon  lead 
nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.  Their  results  will  be 
duly  considered  in  the  proper  connection  further  on. 

The  ratio  between  ammonium  chloride  and  silver  has 
been  determined  by  Pelouze,  by  Marignac,  and  by  Stas. 
The  method  of  working  is  essentially  that  adopted  in  the 
similar  experiments  with  the  chlorides  of  sodium  and  potas- 
sium. 

For  the  ammonium  eliloridc  equivalent  to  300  parts  of 
silver,  Pelouzef  found : 

49-517 


Marignact  obtaijied  the  following  results.     The   usual 


ratio  for  100 

parts  of  silve 

r  is  given  also  : 

S.063  erni.  Ag  = 
9.402 

3-992  j; 
4.656 

m.  NH.Cl. 

49.5'o 

'0.339 
12.497 
"1-337 
11.307 
4.3^6 

•■ 

S.120 
6.19, 
5-617 
5-595 
2,(43 

I 

Mean 

49-521 
49-540 
49.546 
49-483 
49-538 

49.523. 

*  Professor  Le  Conte,  i 


s  of  Regnault's  calculations,  already 
cited  m  a  foot  note  to  the  chapter  on  oxj-gen,  finds  for  tlie  density  of  nitn^en  the 
value  0.971346.  Hence  N  =  14.0225.  This  correction  is  very  slight,  but  it 
should  be  considered  in  any  future  revision  of  the  atomic  weights. 

-fCompl.  Rend.,  20,  1 047,      1845. 

t  Berzelius'  Lchrbiich,  5th  EtU,  31!  v.,  1184,  1185, 
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But  neither  of  those  series  can  for  a  moment  compare 
-with  that  of  Stas.*  He  used  from  12.5  to  80  grammes  of 
silver  in  each  experiment,  reduced  his  weighings  to  a  vac- 
uum standard,  and  adopted  a  great  variety  of  precautions 
to  ensure  accuracy.  He  found  for  every  100  parts  of  silver 
the  following  quantities  of  NH^Cl : 

49-  599 
49-597 
49.598 
49.59? 
49-59,! 
49-597 
49-5974 

49-597 
49- 59^ 
49.592 

Mean,  49-5973-  "--  -oooS 
Now,  combining  these  three  series,  we  get ; 

Peiju^e 49.531^5.  ±  -o'i 

Marignac  _ 49-523.     ±  ■'»55 

Stas —  49-5973-  -±  -0005 

Generalmean 49-597.    ± -o<«5 

The  quantity  of  silver  nitrate  which  can  be  formed  from 
a  known  weight  of  metallic  silver  has  been  determined  by 
Teniiy,  by  Marignac,  and  by  Stas.  Pennyt  dissolved  silver 
in  nitric  acid  in  a  flask,  evaporated  to  dryness  without 
transfer,  and  weighed.  One  hundred  parts  of  silver  thus 
gave  of  nitrate : 


,  157.4417,  ±  .0033 


s  Translation,  pp.  sS-S^i- 
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68.9S7  grm.  Ag  gav 

e  108. 

57.844 

91  ■ 

66.436 

104. 

70.340 

no. 

00.000 

3 '4. 
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Marignac's*  results  were  as  follows.  In  the  third  column 
they  are  reduced  to  the  common  standard  of  100  parts  of 
silver : 

^gNOj,  '57-433 

157.401 
'57-433 
157.404 
157-447 

Mean,   157.4:36,   -±  .0061 

Stas,t  employing  from  77  to  405  grammes  of  silver  in 
each  experiment,  made  two  different  series  of  determina- 
tions at  two  different  times.  The  silver  was  dissolved  with 
all  the  usual  precautions  against  loss  and  against  impurity, 
and  the  resulting  nitrate  was  weighed,  first  after  long  drying 
without  fusion  just  below  its  melting  point;  and  again, 
fused.  Between  the  fused  and  the  unfused  salt  there  was  in 
every  case  a  slight  difference  in  weight,  the  latter  giving  a 
maximum  and  the  former  a  minimum  value. 

In  Stas'  first  series  there  are  eight  experiments ;  but  the 
seventh  he  himself  rejects  as  inexact.  The  values  obtained 
for  the  nitrate  from  100  parts  of  silver  are  given  below  in  two 
columns,  representing  the  two  conditions  in  which  the  salt 
was  weighed.  The  general  mean  given  at  the  end  1  have 
deduced  from  the  means  of  the  two  columns  considered  sep- 
arately : 

Unfused.  Fused. 

157-492  157-474 

157.510  157-481 

157-485  'S7-477 

157-476  157-471 

-     '57-478  157-470 

•57-47'  157-463 

157.488  157-469 

Mean,   '57,4857  Mean,   157.472 


lis'  Lehtbueh,  51h  Ed.,  3,  pp.  1184, 
;m's  Translation,  pp.  305  and  315, 
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In  the  later  series  there  are  but  two  experiments,  as  fol- 
lows: 

Unfusid.  Fused. 

157.4964  157.4^ 

157.4940  157480 

Mean,   157.4952  M«^".   '57-484 

fkneral  mean,  157.486,  ±  .0003 

Now,  to  (combine  all  four  sets  of  results : 

Penny -  i57-44'7.  i  -0033 

Marignac I57.4Z36.  ±  .0061 

Stas,  1st  series. i57-474o.  ±  ■o<"4 

Stas,  2d  series — 1 57.4860,  ±  .0003 

General  mean..    i57-4;9.     ±-0003 

For  the  direct  ratio  between  silver  nitrate  and  silver  uhlo- 
hde  there  are  two  series  of  estimations.  A  weighed  quan- 
tity of-  nitrate  is  easily  converted  into  chloride,  and  the 
weight  of  the  latter  ascertained.  In  two  experiments  Tur- 
ner* found  of  chloride  from  100  parts  of  nitrate : 
84.357 


Mean,  84.373,  ±  'O" 

Penny.t  iu  five  determinations,  found  the  following  per- 
centages : 

84.370 
84.388 
84-377 
84.367 
S4.370 

Mean,  84.3744.  ±  ■°°^^ 
The  general  mean  from  both  series  is  84.3743,  ±  -0025. 

The  ratio  directly  connecting  sliver  nitrate  with  ammo- 
nium chloride  has  been  determined  only  by  Stas.$    The 

*Phil.  Trans.,  1833,  537- 

f  Phil.  Trans.,  1839. 

X  Aronstein's  Translation,  [>.  309. 
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usual  method  of  working  was  followed;  namely,  nearly 
equivalent  quantities  of  the  two  salts  were  weighed  out,  the 
solutions  mixed,  and  the  slight  excess  of  one  estimated  by 
titration.  In  four  experiments  100  parts  of  silver  nitrate 
were  found  equivalent  to  chloride  of  ammonium  as  follows : 


31-487 
31-486 


The  similar  ratio  between  potassium  chloride  and  silver 
nitrate  has  been  determined  by  both  Marignac  and  Stas. 

Marignac*  gives  the  following  weights.  I  add  the  quan- 
tity of  KCl  proportional  to  100  parts  of  AgNOj : 


Mean,  43-8j8.  ±  .0044 

Stas't  results  are  given  in  three  series,  representing  silver 
nitrate  from  three  different  sources.  In  the  third  series  the 
nitmte  was  weighed  in  vacuo,  while  for  the  other  series  this 
correction  was  applied  in  the  usual  way.  For  the  KCl 
.equivalent  to  100  parts  of  AgNO,  Stas  found : 


43-875 
43-875 
43-S74 

Mean,  43.8755,  ±  .0005 
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■cond  Series 
43.S64 


Third  Siria 
43.894 
43.878 


Mean,  43-S857,  ±  -0031 
Combining  all  four  series  we  have : 

Marignac 43.858,    ±.0044 

Stas,  1st  series 43.8755,  =!=  .0005 

"     2d      "      43,8697,  ±  .0033 

"    3d     "    43.S857,  ±  .oo3r 

General  mean 43,8715,  ±  .0004 

There  have  also  been  determined  by  Penny  and  by  Stas 
a  series  of  ratios  connecting  the  alkaline  chlorides  and  chlo- 
rates with  the  corresponding  nitrates.  One  of  these,  relat- 
ing to  the  lithium  salts,  will  be  studied  further  on  with  ref- 
erence to  that  metal. 

The  general  method  of  working  upon  these  ratios  is  due 
to  Penny.*  Applied  to  the  ratio  between  the  chloride  and 
nitrate  of  potassium  it  is  as  follows :  A  weighed  quantity  of 
the  chloride  is  introduced  into  a  flask  which  is  placed  upon 
its  side  and  connected  with  a  receiver.  An  excess  of  pure 
nitric  acid  is  added,  and  the  transformation  is  graduallj' 
brought  about  by  the  aid  of  heat.  Then,  upon  evaporating 
to  dryness  over  a  sand  bath,  the  nitrate  is  brought  into 
weighable  form.  The  liquid  in  the  receiver  is  also  evapo- 
rated, and  the  trace  of  solid  matter  which  had  been  mechan- 
ically carried  over  is  recovered  and  also  taken  into  account. 
In  another  series  of  experiments  the  nitrate  was  taken,  and 
by  pure  hydrochkiric  acid  converted  into  chloride ;  the  pro- 
cess being  the  same.     In  the  following  columns  of  figures  I 

*PhiI.  Trans.,  1839. 
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have  reduced  both  series  to  one  standard;  namely,  so  as  to 
express  the  number  of  parts  of  nitrate  corresponding  to  100 
of  chloride : 

First  Series.— KCl  treated  with  UNO,. 
135-639 
'35- ''37 
135.640 
135-635 
'35-630 
i35-f'40 
135-630 

Mean,  135.636,  ±  .0011 
Second  Series.—KNO,  treated  with  HCl. 
135.628 
135.635 
135-630 
135-641 
r35-63o 
13S-635 
135-630 

Mean,  153-633,  ± --W" 

Stas*  results  are  as  follows : 

'35-643 
135-638 
135-647 
135-649 
135.640 
135.645 
135-655 

Mean,   135-6453,  zc  ,0014 

These  figures  by  Stas  represent  weighings  in  the  air.  Re- 
duced to  a  vacuum  standard  this  mean  really  becomes 
135.6423. 

Now,  combining,  we  have : 

rcnny,  1st  series 135636,     ±.0011 

"       2d      "       _    135633.     i-ooii 

Slas..._ - 135.6423.J;  -0014 

General  mean 135.6363,  :>-  .0007 

*  Aronstelii'^  Translalion.  p.  270. 
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By  the  same  general  process  Penny*  determined  how 
much  potassium  nitrate  could  be  formed  from  100  parts  of 
chlorate.     He  found  as  follows : 


Mean,  82.500.  zt  ,0012 

For  100  parts  of  sodium  chlorate  he  found  of  nitrate : 


Mean,  79.S823,   -fc  .0029 

For  the  ratio  between  the  chloride  and  nitrate  of  sodium 
Penny  made  two  sets  of  estimatioas  as  in  the  case  of  potas- 
sium salts.  The  subjoined  figures  give  the  amount  of 
nitrate  equivalent  to  100  parts  of  chloride : 


145.408 
145,420 
145.424 


Meiin,   145,4164,   : 
Second  Smcs  .—JVa  .VO,  irea. 
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Stas*  gives  the  following  scries ; 


145-465 
145.469 
145-443 


Combining,  we  havo  as  follows : 

Penny,  1st  series I45-41G4.  ±  .OO15 

"       3d      ■'       145.4(0,     ±  ,0026 

^'^ 145.4526,  -J-  .0030 


i45-4'85,  ^  X 


We  have  now,  apart  from  the  determinations  of  g 
density,  nine  ratios,  representing  one  hundred  and  fourteen 
experiments  from  which  to  calculate  the  atomic  weight  of 
nitrogen.     Let  us  first  collect  and  number  these  ratios  : 

(I.)  Ag  :  AgNOs  :  :  100  :  "57'479.  ±:  -0003 
(2.)  AgNO,  :  AgCl  :  :  100  :  84.3743.  ±  -0=35 
(3.-)  AgNOj;  KCl::  iOO  :  43.8715,  ±  .0004 
(4.)  AgNOj  :  NHjCI  : :  100  .  31.4S8.  ±  .0006 
(5.)  Ag  :  NH,C1  :  :  100  :  49.597,  ±  .0005 
(6.)  KCl  :  KNO3  :  :  100  .  135.6363,  ±  .0007 
(7.)  KCIO,  :  KNO,  :  :  100  :  82.500,  ±  .0012 
(8.)  NaCl  :  NaNO,  : :  100  :  I45.41S5,  dz  .0012 
(9.)  NaOOj  ;  NoNOj  :  :  100  :  79.8S23,  dz  .0029 

From  these  ratios  we  are  now  able  to  deduce  the  molec- 
ular weight  of  ammonium  chloride  and  of  the  three  nitrates 
named  in  them.  For  these  calculations  we  may  use  tlie 
already  determined  atomic  weights  of  silver,  oxygen,  potas- 
sium, sodium,  and  chlorine,  and  the  molecular  weights  of 
silver  chloride  and  sodium  chloride.  These  two  molecular 
weights  involve,  respectively,  the  most  probable  values  for 
silver,  sodium,  and  chlorine.  We  cannot,  however,  appro- 
priately use  the  directly  determined  molecular  weight  of 
potassium  chloride,  since  the  most  probable  value  for  the 
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atomic  weight  of  potassium  is  only  in  part  derived  from 
that  salt.  The  following  are  the  values  which  we  shall 
employ : 

Ae  =  107.675,  =  .0096 
K  =  39-019.  ±  -' 
Na  =  22.998,  ±  .1 
CI  =  35.370,  ±  .< 
0„  —  47.8899,  ±  .( 
AgCl  =  143-045.  ±  ■< 
Naa  =    58.3676,  zt  .0052 

Now,  from  ratio  number  five  we  can  get  the  molecular 
weight  of  ammonium  chloride,  NH,C1  =  53.4048,  it  .0048, 
and  N  =  14.0336,  zh  .0153. 

From  ratio  number  four  an  independent  value  for  nitro- 
gen can  be  calculated,  namely,  N  =:  14.0330,  ±  .015. 

For  the  molecular  weight  of  silver  nitrate  three  values 
are  deducible,  namely : 

From  (1) -.AgNUj  =  169,565s,  ±  .0151 

From  (j) ■'       =  I69-S3S2.  ^  -O'i^ 

From  (3) "        ■=:  169,5612,  ±  .0429 


=  '69-5489,  ±  -0099 


Hence  N  ^  13.9840,  ±  .0174. 

The  molecular  weight  of  potassium  nitrate  is  twice  cal- 
culable, as  follows : 


And  N  =  13.9774,  ±  .0216. 

So  also  for  sodium  nitrate  we  have : 


From  (8) NaNOj  =  84,8773,  ±  ,0076 

From  (9) '■        =  S4.8809,  ±  .0099 

General  mean..       '■        =  84.8785,  +  .0060 

And  N  =  13.9906,  ±  .0163. 

We  have  now  before  us  six  estimates  of  the  atomic  weight 
of  nitrogen.     It  only  remains  for  us  to  combine  these  after 
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the  usual  method,  as  follows,  in  order  to  obtain  the  most 
probable  value : 

m  specific  gravity  of  N N  =  14.0244,  - 

ammonium  chloride "  =  14-O336.  :: 

ratio  number  four "  =  14.0330,  ; 

potassium  iiitratt "  =z  13.9774,  z 


If  oxygen  is  16,  this  becomes  14.0291.  Stas  found  N  — 
14.044.  The  difference  is  .015,  showing  a  remarkably  close 
agreement. 


CARBON. 


Although  there  is  a  large  mass  of  material  relating  to  the 
atomic  weight  of  carbon,  much  of  it  may  be  summarily  set 
aside  as  having  no  value  for  present  purposes.  The  density 
of  carbon  dioxide,  which  has  been  scrupulously  determined 
by  many  investigators,*  leads  to  no  safe  estimate  of  the  con- 
stant under  consideration.  The  numerous  analyses  of  hydro- 
carbons, like  the  analyses  of  naphthalene  by  Mitscherlich, 
Woskresensky,  Fownes,  and  Dumas,  give  results  scarcely 
more  satisfactory.  In  short,  all  the  work  done  upon  the 
atomic  weight  of  carbon  before  the  year  1840  may  be  safely 
rejected  as  unsuited  to  the  present  requirements  of  exact 
science.  As  for  methods  of  estimation  we  need  consider  but 
three,  as  follows ; 
First. — The  analysis  of  organic  salts  of  silver. 

Second.— The  determination  of  the  weight  of  carbon  dioxide 
formed  by  the  combustion  of  a  known  weight  of  carbon. 

*  Notably  by  Lavoisier,  Biot  and  Arago,  De  Saussure,  Dulong  and  ISericlius, 
Buff,  Von  Wrede,  Regnault,  and  Marchand.  For  details,  Van  Geuns'  monograph 
may  be  consulted. 
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Third. — The  method  of  Stas,  by  the  combustion  of  carbon 
monoxide. 

The  first  of  these  methods,  which  is  also  the  least  accu- 
rate, was  employed  by  Liebig  and  Redtenbacher*  in  1840. 
They  worked  with  the  acetate,  tartrate,  raeemate,  and  malate 
of  silver,  making  five  ignitions  of  each  salt,  and  determining 
the  percentage  of  metal.  From  one  to  nine  grammes  of 
material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were 
found : 

64.615 

64.614 


After  applying  corrections  for  weighing  in  air  this  mean 
becomes  64.6065. 
In  the  tartrate  the  silver  came  out  as  follows : 

59-^97 

59299 
59.287 
59293 

59-29J 

Mean,  59.2938,  ±  .0014 
Or,  reduced  to  a  vacuum,  59.2806 

In  the  raeemate  we  have ; 

59.290 
59.293 
59.287 
59.2S3 
59.284 

Mean,  59.2872,  ±  -coia 
Or,  corrected,  59,2769 

*Anii.  Chem.  Phann.,  38,  137.     Mem.  Chem.  Soc.,  i,  9.     Phil.  Mag.,  (3,) 
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And  from  the  malate ; 


61.996 
61.972 

62.059 
62,011 

Or 

Mean 
corrected 

6i.oio6, 
62.0016 

± 

,^ 

Now,  applying  to  these  mean  results  the  atomic  weights 
already  found  for  oxygen  and  silver,  we  get  the  following 
values  for  carbon : 


'        malate 

General  me 


„C=  12.0306, 
„"=  12.0356, 


■0363. 


.0047 

,0063 
.0054 


Now  these  results,  although  remarkably  concordant,  are  by 
no  means  unimpeachable.  They  involve  two  possible  sources 
of  constant  error,  namely,  impurity  of  material  and  the  vol- 
atility of  the  silver.  These  objections  have  both  been  raised 
by  Stas,  who  found  that  the  silver  tartrate,  prepared  as  Liebig 
and  Eedteiibaeher  prepared  it,  always  carried  traces  of  the 
nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  not 
get  results  at  all  agreeing  with  theirs.  In  the  case  of  the 
acetate  a  similar  impurity  would  lower  the  percentage  of 
silver,  and  thus  both  sources  of  error  would  reinforce  each 
other  and  make  the  atomic  weight  of  carbon  come  out  too 
high.  With  the  three  other  salts  the  two  sources  of  error 
act  in  opposite  directions,  although  the  volatility  of  the 
silver  is  probably  far  greater  in  its  influence  than  the  im- 
purity. Even  if  we  had  no  other  data  relating  to  the  atomic 
weight  of  carbon,  it  would  be  clear  from  these  facts  that 
the  results  obtained  by  Liebig  and  Redtenbacher  must  be 
decidedly  in  excess  of  the  true  figure. 

A  different  method  of  dealing  with  organic  silver  salts 
was  adopted  by  Maumene,*  in  1846,  for  the  purpose  of  estab- 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41. 
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lishing,  by  reference  to  carbon,  the  atomic  weight  of  silver. 
We  will  simply  reverse  his  results  and  apply  them  to  the 
atomic  weight  of  carbon.  He  effected  the  combustion  of 
the  acetate  and  the  oxalate  of  silver,  and,  by  weighing  both 
the  residual  metal  and  the  carbon  dioxide  formed,  he  fixed 
the  ratio  between  these  two  substances.  In  the  case  of  the 
acetate  his  weighings  show  that  for  every  gramme  of  me- 
tallic silver  the  weights  of  CO^  were  produced,  which  are 
shown  in  the  third  column : 


8.083  E""-  Ag  = 


585  grm.  CO,. 


448 

The  oxalate  of  silver,  ignited  by  itself,  decomposes  too 
violently  to  give  good  results;  and  for  this  reason  it  was  not 
i^ed  by  Liebig  and  Redtenbacher.  Maumene,  however, 
found  that  when  the  salt  was  mixed  with  sand  the  combus- 
tion could  be  tranquilly  effected.  The  oxalate  employed, 
however,  with  the  exception  of  the  sample  represented  in 
the  last  experiment  of  the  series,  contained  traces  of  nitrate, 
so  that  these  results  involve  slight  errors.  For  each  gramme 
of  silver  the  appended  weights  of  COa  were  obtained : 

3  grm.  Ag  =  5.835  grm.  CO^. 


■4073 
■4073 
.4073 

.40718 


Now,  one  of  these  salts  being  formed  by  a  bivalent  and 
the  other  by  a  univalent  acid,  we  have  to  reduce  both  to  a 
common  standard.  Doing  this,  we  have  the  following  re- 
sults for  the  ratio  between  the  atomic  weight  of  silver  and 
the  molecular  weight  of  COj;  if  Ag  =  1.00, 


.yGoogle 


64  THE    ATOMIC    WEIGHTK. 

From  the  acetate,  COj  =  .40724,  ±  .000076 
"  oxalate,  "  =  .40718,  ±:  .000185 
General  mean,     "     ,;=  .40723,  ±  .OOOO71 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate 
becomes  of  such  trifling  weight  that  it  practically  vanishes. 

From  these  data,  if  Ag  =  107.675,  ±  .0096,  CO^  = 
43.8485,  ±  .0086. 

Hence  C  =  11.9219,  ±  .0111. 

As  has  already  been  said,  the  volatility  of  silver  renders 
all  the  foregoing  results  more  or  less  uncertain.  Far  better 
figures  are  fui'nished  by  the  combustion  of  carbon  directly, 
as  carried  out  by  Dumas  and  Stas*  in  1840  and  by  Erdmann 
and  Marchandf  in  1841.  In  both  investigations  weighed 
quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
graphite  were  burned  in  oxygen,  and  the  amount  of  dioxide 
produced  was  ^timated  by  the  usual  methods.  The  graphite 
employed  was  purified  with  extreme  care  by  treatment  with 
strong  nitric  acid  and  by  fusion  with  caustic  alkali.  I  have 
reduced  all  the  published  weighings  to  a  common  standard, 
so  as  to  show  in  the  third  column  the  amount  of  oxygeii 
which  combines  with  a  unit  weight  (say  one  gramme)  of 
carbon.  Taking  Dumas  and  Stas'  results  first  in  order  wo 
have  from  natural  graphite : 


i.ooo  grm.  Cgave  3.671  gna.  COj. 

.99S            "            3,660 

-994            "            3645 
1.3)6            "            4.461 
1.471            "            5-395 

2.6710 
2.6673 
3.6670 
2.66S6 
2.6676 

Mea 

.,  leei^,  ±  .o«.s 

With  artificial  graphite : 

.992  grm.  C  gave  3.642  grm.  CO5. 

.998             "             3-6&2 
1.660             ■•             6.0S5 
■-465            "            5. 365 

2.6714 
2.6682 
2.6654 
2.6744 

Mea 

n,  2.66985,   ±  .0013 

''Compt.  Rend,,  11,991-1008.      An 
tJourn.  f.  Prakt.  CKem,,  23,  159. 

,  Phys,,(3,l  1,1. 
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with  diamond : 

864 
219 
232 
375 

C  ea»e  2.598 
31675 
4465 
4-5'9 
5.041 

. 

CO^.                      2 

Mean,  2.6665,  ±  .O007 

Erdmann  and  Marchand's  figures  for  natural  graphite 
give  the  following  results : 

'■537^  B"™-  8^"^  5-6367  grm.  COj.  2.6659 
1.6494  "  6.0384  "  2.6609 
1.4505    "    5-31575    "         2-6<'47 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave 
6.9355  grm.  CO,.  Ratio  for  O,  2.6628.  This,  combined  with 
the  foregoing  series,  gives  a  mean  of  2.6636,  ±  .0007, 

With  diamond  they  found : 


.S052  grm 

-gav 

2.9467  grm.  CO.j. 

2.6596 

1.0858 

3-9875 

2,6632 

1-3557 

4.9659 

2,6629 

1.6305 

5.97945 

2,6673 

.7500 

2.7490 

Mean 

2,6653 
2.6637 

Xow,  combinin 

g  all  these  sen 

es,  we 

get  tl 

result : 

Erdmann  and  Marchand, 


2,6683, 

zh  .0005 

2.66985 

4-  .00,3 

2.6665, 

2.6636, 

±   .0007 

2,6637, 

±:  ,0009 

2.66655 

±  .DO03 

Hence,  if  O  =  15.9633,  ±  .0035,  C  =  ll.f)73,  +  .0030. 

Another  veiy  exact  method  for  determining  the  atomic 
weight  of  carbon  was  employed  by  Stas*  in  1849.  Carefully 
purified  carbon  monoxide  was  passed  over  a  known  weight 

*  RiiII.  Acad.  Rruxelles,  1849,  ('.)  3<- 
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of  copper  oxide  at  a  red  heat,  and  both  the  residual  njet-al 
and  the  carbon  dioxide  formed  were  weighed.  The  weigh- 
ings were  reduced  to  a  vacuum  standard,  and  in  each  ex- 
periment a  quantity  of  copper  oxide  was  taken  representing 
from  eight  to  twenty-four  grammes  of  oxygen.  The  method, 
as  will  at  once  be  seen,  is  in  all  essential  features  similar  to 
that  usually  employed  for  determining  the  composition  of 
water.  The  figures  in  the  third  column,  deduced  from  the 
weights  given  by  Stas,  represent  the  quantity  of  carbon 
monoxide  corresponding  to  one  gramme  of  oxygen  : 


9.26s  grm.  0  =  25.4S3  CO5.             I 

75046 

8.327 

23.900  "               I 

75010 

13-9438    ' 

38.35  ■  "               I 

75040 

11.6.24    ' 

3'-935  '■             I 

75008 

1S.763 

51.605s  ■'             1 

75039 

19.581 

53.8465  ■'             1 

74994 

22.515 

61,926  "            r 

75043 

24.360 

67.003  ■'            I 

75053 

Mean,  1 

75029 

Hence   the   molecular   weight    of    carbon    monoxide 
27.9404,  d=  .0062.    And  C  =  11.9771,  ib  .0071. 


Now,  in  order  to  complete  our  discussion,  we  must  com- 
bine the  four  values  we  have  found  for  carbon ; 


.  By  Liebig  and  Redtenbaclier-.C  =  12.0363,  4z 

.  By  MaumenS's  figures "  =  11.9219,  ± 

.  By  combustion  of  carbon "  =  II. 9730,  ± 

.  By  Stas'  method "  =^  11.9771,  ± 


General  n 


.002$ 


But  values  one  and  two  are  hardly  reliable  enough  to  be 
included  in  our  final  estimate.  They  involve  dangerous 
constant  errors,  and  ought,  therefore,  to  be  disregarded. 
Rejecting  them  altogether,  and  taking  a  general  mean  from 
values  three  and  four,  we  get  for  the  most  probable  figure 
for  the  atomic  weight  of  carbon,  C  =  11.9736,  dz  .0028.  If 
oxygen  is  16,  then  carbon  becomes  12.0011.  In  other  words, 
the  ratio  between  oxygen  and  carbon  is  almost  exactly  16 
to  12. 
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For  determining  .the  atomic  weight  of  barium  we  have  a 
series  of  six  ratios,  established  by  the  labors  of  Berzelius, 
Turner,  Struve,  Pelouze,  Marignac,  and  Dumas.  Andrews* 
and  Salvetat,t  in  their  papers  upon  this  subject,  gave  no 
details  nor  weighings ;  and,  therefore,  their  work  may  be 
properly  disregarded.  First  in  order  in  point  of  import- 
ance, if  not  first  chronologically,  is  the  ratio  between  silver 
and  anhydrous  barium  chloride,  as  determined  by  Pelouze, 
Marignac,  and  Dumas. 

Pelouze,!  in  1845,  made  the  tliree  subjoined  estimations 
of  this  ratio,  using  his  well  known  volumetric  method.  A 
quantity  of  pure  silver  was  dissolved  in  nitric  acid,  and  the 
amount  of  barium  chloride  needed  to  precipitate  it  was  ac- 
curately ascertained.  In  the  last  column  I  give  the  quan- 
tity of  barium  chloride  proportional  to  100  parts  of  silver : 

3.860  gnn.  BaCI,^  ppf,  4,002  gnu.  Ag.  96.452 

5.790  "  6.003  "  96.453 

2.895  "  3-°oi         "  96.468 

Mean,  96. 4573,   ±  .0036 

Essentially  the  same  method  was  adopted  by  Marignac|| 
in  1848.  His  experiments  were  made  upon  four  samples  of 
barium  chloride,  as  follows.  A,  commercial  barium  chlo- 
ride, purified  by  reerystallization  from  water.  B,  the  same 
salt,  calcined,  redissolved  in  water,  the  solution  saturated 
with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C, 
the  preceding  salt,  washed  with  alcohol,  and  again  recrys- 
tallized.  D,  the  same,  again  washed  with  alcohol.  For  100 
parts  of  silver  the  following  quantities  of  chloride  were  re- 
quired : 

*■  Chemical  Gazette,  October,  1852, 

■j- Compt.  Rend.,  17,  318, 

J  Compt.  Rend.,  Zo,  1047.     Joum.  fur  Prakt.  Chem.,  35,  73. 

It  Arch,  d.  Sci.  Phys.  et  Nat.,  S,  271, 
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96.356 
96.345 


96.356 
96.45s 


96.35S 
96-3^3 


Mean,  96.3605,  ±  .0017 


96,346 
96.384 
96.361 
96.377 


Dumas*  employed  barium  chloride  prepared  from  pure 
barium  nitrate,  and  took  the  extra  precaution  of  fusing  tbe 
salt  at  a  red  heat  in  a  current  of  dry  hydrochloric  acid  gas. 
Three  series  of  experiments  upon  three  samples  of  chloride 
gave  the  following  results : 

'■7585  E™.  fiaCI^  =   1.S26  grm.  Aj;.  Ratio,  96.303 

3.842  -                3.988         •'  96.339 

2.1585  "                2.2405       '■  96-340 

4.Q162  "                4.168          "  9S.358 

Mean,  96.3325,  ±z  .O068 


*A)in.  Chem.  Pharni.,  113,  22.      1S60.        Ann.  Chim.  Phy;.,  (3,)  55,  129. 
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Sfrie 

B. 

BaCI, 

^.  1.727  grai 

Ar. 

Rati 

,  96.265 

" 

2.5946 

96 

504 

3-4468 

" 

3-579 

gt. 

306 

4.0822 

" 

42395 

9b 

290 

4.2062 

" 

4.36S3 

96 

289 

4-4564 

" 

4.629 

9C 

271 

8-6975 

9.031 

i"'l 

2.2957  Efm-  liaCI, 

=  2-3835 

gnn.  Ag,        Rat 

0,  96-3'6 

4,1372 

4-393 

96-371 

4,2662 

4-430 

96.303 

4.647 

96,329 

5.6397 

5-852 

" 

96.372 

We  have  now  eight  series  of  experimenta  upon  this  ratio, 
representing  thirty  distinct  estimations.     Combining,  we  get 
1  mean  as  follows : 


elouie - - 

96.4573,  ±  .0036 

B  - - 

96.3540,  ±  .0013 

D — - 

96.3670.  ± -0057 

3umas,  A 

96.3325.  ±  .0068 

'■       B                

96,2902,  ±  .0043 

"       C 

96.3382.  ±  .0096 

General  mean... 

96.3596,  -t-  -0009 

The  ratio  between  silver  and  crystallized  barium  chloride 
has  also  been  fixed  by  Marignac*  The  usual  method  was 
employed,  and  two  series  of  experiments  were  made ;  in  the 
second  of  which  the  water  of  crystallization  was  determined 
previous  to  the  estimation.  I'lve  grammes  of  chloride  were 
taken  in  each  determination.  The  following  quantities  of 
BaClj,2H20  correspond  to  100  parts  of  silver: 

*Journ,  f,  Prakt.  Chem,,  74,  212,      1858, 
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I'3.t09  ,, 3.135 

113.135  IJ3.IZ3 

113,097  113.060 

Mean,  113. 114,  ^-  .0074  Mean,  113.106,  ±  .0154 

The  general  mean  from  both  series  is  113.11.3,  ±  .0067. 

The  direct  ratio  between  the  ehlorides  of  silver  and 
barium  was  early  established  both  by  BerzeUus*  and  Tur- 
ner.t  Berzelius  found  that  100  parts  of  dry  barium  chio- 
ride  gave  of  silver  chloride: 

138.06 

138.08 

Mean,   138,07,   ±  .007 

Turner  made  five  experiments,  with  the  following  results: 


137.62 
'37.64 

Of  these.  Turner  regards  the  fourth  and  fifth  as  the  most 
exact.  These  give  a  mean  of  137.63,  ±  .007,  while  the 
other  three  are  in  mean  137.563,  ±  .049.  Combining  Ber- 
zelius' figures  with  those  of  Turner,  we  get  as  follows : 

Berzelius_ _._ I38.07,    ±.007 

Turner,  I.  2,  3. 137.563.  ±  -049 

"        4.5 —    137.63,    ±.007 

General  mean 137.841,  ±  .0047 

Incidentally  to  some  of  his  other  work  MarignacJ  deter- 
mined the  percentage  of  water  in  crystallized  barium  chlo- 
ride. Two  sets  of  three  experiments  each  were  made,  the 
first  upon  five  grammes  and  the  second  upon  ten  grammes 
of  salt.     The  following  are  the  percentages  obtained : 

*  Pogaei'd.  Anna!.,  S,  177. 

fPhLl.  Trans.,  1829,  291. 

t  Jo^™-  f.  Prakt.  Chem.,  74,  213.      1858. 
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Mean,   14.795,  ±  ■°°^9  Mean,  I4-&33.  ±    oo^ 

General  mean  of  both  series,  14.799.  ±  ■°°H 

The  ratio  between  barium  nitrate  and  barium  sulphate 
has  been  determined  only  by  Turner.*  According  to  his 
experiments  100  parts  of  sulphate  correspond  to  the  follow- 
ing quantities  of  nitrate ; 

: 1 1.990 
112.035 

Mean,   112.028,  ±  .014 

For  the  similar  ratio  between  the  sulphate  and  the  chlo- 
ride there  are  experiments  by  Turner,  Berzelius,  Struve, 
and  Marignae.  Tumerf  found  that  100  parts  of  chloride 
ignited  with  sulphuric  acid  gave  112.19  parts  of  sulphate. 
By  the  common  method  of  precipitation  and  filtration  a 
lower  figure  was  obtained,  because  of  the  slight  solubility  of 
the  sulphate.  This  point  bears  directly  upon  many  other 
atomic  weight  determinations. 

BerzeliusJ  treating  barium  chloride  with  sulphuric  acid, 
obtained  the  following  resulte  in  BaSO^  for  100  parts  of 
BaCL: 


Mean,  112.175,  ±  .0034 

Struve,|]  in  two  experiments,  found  : 
112.0912 
112.0964 

Mean,   112.0938,  d;  -OO18 

*Phil.  Trans.,  1833,538. 
tPhi].  Trans.,  1829,  291. 
J  Pog^end,  Anna!.,  8,  177. 
II  Ann.  Cheni.  Phann.,  80,  204,      185 
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Marignac's*  tliree  results  arc  as  follows ; 
8.520  gnn.  BaCl^eave  9.543  BaSO,.        Ralio,  11; 
8-5'9  "  y.544      "  n: 

8.520  "  9.542      '.  ,1, 


Rejecting  Turner's  single  result  as  unijnportant,  we  may 
combine  the  other  series ; 

Bericlius 112.175,    i -0034 

Struve 112.0938,  ±:  .ooiS 

Marignac 11  a. on,    ±  .0071 

General  mean 113.106,    ±  .ooii; 


The  data  from  which  we  are  to  calculate  the  atomic  weight 
of  barium  may  now  be  tabulated  as  follows : 


(I.)  Ag,  :  BaCI,  c  M«J 

96.3596,  -f-  .0009 

(2.)  Ag,  :  BaCl,.2H,0 

:  100:  113.113,-4-  ,0067 

(3.)  BaCl,  :2AgCl::  1 

33  ;  I37-841,  -1-   0047 

(4.)  Percent,  of  HjO  i 

BaClj.aHjO,  14.799,  -1- 

(5.)  BaSO,:  BaNA: 

112.028,-1-  ,014 

(6,)  BaCl,  :  Ba.SOi : :  I 

0:  112.106,  ±  .0015 

From  these  ratios,  with  the  aid  of  the  atomic  weights 
already  established,  we  can  immediately  calculate  four  inde- 
pendent values  for  the  molecular  weight  of  BaClj : 

From  (I) BaClj  =  207.510,  ± 

Ffom  (2) ■'     =  207,662,  zb 

From  (3) ___     ■'     =  207.536,  ± 

Ff''"'(4) "     =206.837,+ 


General  mean "     :=  207.505,  ± 

We  have  here  an  interesting  example  of  the  compensation 
of  constant  errors.  Ratios  (2)  and  (4)  both  represent  work 
done  by  Marignac  upon  barium  chloride  containing  water 
of  crystallization.  If  now,  as  is  not  improbable,  the  salt 
contained  a  trifling  excess  of  water,  the  molecular  weight  of 
barium  chloride  as  calculated  from  (2)  would  come  out  too 
high,  while  on  the  other  band  the  result  from  ratio  (4) 
would  err  in  the  opposite  direction.     In  point  of  fact,  the 
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two  results  in  the  present  calculation  nearly  compensate 
each  other,  and,  on  account  of  their  relatively  high  prob- 
able errors,  they  exert  but  an  unimportant  influence  upon 
the  general  mean. 

In  conclusion,  we  have  three  independent  values  for  the 
atomic  weight  of  barium ; 

From  inol.  wt.  of  BaCIj Ba  =  136.765,  ±  .031 

From  ratio  (5) "   —  13^-795.  ±  -3^4 

From  ratio  (6) "  =  136.595,  ±  .309 


'  =  136.763,  ±  .031 


If  0  =  16,  then  Ba  =  137.007.  In  other  words,  the  ratio 
between  oxygen  and  barium  is  almost  an  exact  ratio  between 
two  whole  numbers. 

In  the  above  discussion  it  will  at  once  be  noticed  that  the 
second  and  third  values  for  Ba  have  very  high  probable 
errors,  and  that  they  therefore  exert  almost  no  influence 
upon  the  general  mean.  This  fact  by  no  means  renders 
them  worthless  however,  for,  at  the  lowest  estimate,  they  are 
useful  in  confirmation  of  the  better  determinations.  It  is 
also  highly  probable  that  the  method  of  discussion,  rigidl\- 
carried  out,  does  not  do  them  absolute  justice. 
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STRONTIUM. 


The  ratios  which  fix  the  atomic  weight  of  strontium  re- 
semble in  general  terms  those  relating  to  barium,  only  they 
are  fewer  in  number  and  represent  a  comparatively  small 
amount  of  work.  The  early  experiments  of  Stromeyer,* 
who  measured  the  volume  of  CO^  evolved  from  a  known 
weight  of  strontium  carbonate,  are  hardly  available  for  the 
present  discussion.  So  also  we  may  exclude  the  determina- 
tion by  Salvetat,t  who  neglected  to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver 
first  in  order,  we  have  series  of  figures  by  Pelouze  and  by 
Dumas.  PelouzeJ  employed  the  volumetric  method  already 
described  under  barium,  and  in  two  experiments  obtained 
the  subjoined  results.  In  another  column  I  append  the 
ratio  between  SrCl^  and  100  parts  of  silver : 


1.480  grm.  SrClj  = 


I.  73-4781,  ±  .0050 


DumaSjII  by  the  same  general  method,  made  sets  of  ex- 
periments with  three  samples  of  chloride  which  had  pre- 
viously been  fused  in  a  current  of  dry  hydrochloric  acid. 
His  results,  expressed  in  the  usual  way,  are  as  follows : 


3.137  grm.  SrCl,  =.-=  4.280  grm.  Ag, 
1.982               ■'               2,705 
3.041               "               4-142 
3.099               "               4-219          " 

Ralio,  ?3-2944 
73.2717 
73-41S6 
73-4534 

Mean,  73.3595,  ±  .0303 

*  Schwei^.  Journ.,  19,  228.      tSi6. 
f  Compt.  Rend,,  17,  318.     1843- 
J  Compt.  Rend.,  20.  IO47.      1845. 
[|  Ann.  Cliim.  Phys.,  (j,l  55,  29.      1859. 

Am..  Clicm.  T'harm,,  113,34. 
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Srri^s  B. 

4.574  ynvi-  Ag. 

Ratio, 

.  73-37'3 

8-667 

73-4327 

9.712 

73-4246 

Mcsii 

,  73-4095.  ± 

3,356  grill. 

6.3645 

7->3" 


7.213  grm.  Bfa,=  9.811  unn-  Ag.  Ratio,  73-5195 

2.206               "               3,006          '■  73.3866 

4.268              •'               5.816          "  73-5529 

4.018               ■■               5.477          '■  73-3613 

Mean,  73.455'.   ±  -03^" 

Combining,  we  have : 

Pelouze 73-4781.  ±  ■0050 

Dumas,  A 73-3595.  ±  -0303 

'■        B 73.4095.  ±  -0130 

"        C 73.4551.  ±  .0321 

General  mean 73-4655.  ±  .C046 

The  foregoing  figures  apply  to  anhydrous  strontium  chlo- 
ride. The  ratio  between  silver  and  the  crystallized  salt, 
SrClj.CHjO,  has  also  been  determined  in  two  series  of  ex- 
periments by  Marignac*  Five  grammes  of  salt  were  used 
in  each  estimation,  and,  in  the  second  series,  the  percentage 
of  water  was  first  determined.  The  quantities  of  the  salt 
corresponding  to  100  parts  of  silver  are  given  in  the  last 
column : 


5  grm.  Sra,.6H,0  - 

-^4.0515  K"".  Ag. 

123.411 

4.0495 

123,472 

" 

4.0505         " 

123.442 

Mean. 

,   123-442.  ±.012 

Series  B. 

S  grm.  SrCl5.6HjO 

-  4.0490  grm.  Ag. 

123.487 

„ 

4.0500 

123.457 

4.0490 

123-487 

Mean. 

,  123.477.  ±  .007 

General  m 

can  of  both  series.  I 

23.470, 

,  zt  .006 
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In  the  same  paper  Marignac  gives  two  sets  of  determina- 
tions of  the  percentage  of  water  in  crystallized  strontium 
chloride.  The  first  set,  corresponding  to  "  B  "  above,  comes 
out  thus : 

40.556 

Mean.  40.563,  ±  .0024 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a 
time,  and  the  following  percentages  were  found : 
40.5s 
40.59 

40.  jK 

Mean,  40.5«3.  ±  -oo^o 
General  mean,  from  both  series,  40.575,  ±  -0015 

The  chloride  used  in  the  series  of  estimations  last  given 
was  subsequently  employed  for  ascertaining  the  ratio  be- 
tween it  and  the  sulphate.  Converted  directly  into  sulphate, 
100  parts  of  chloride  yield  the  quantities  given  in  the  third 
column : 

5.942  grm.  SrCljeavc  6.S87  grm.  SrSO,.  "5-932 

5.941  ■'  6,885s  "  115.949 

5.942  "  6.884  "  "5-927 

Mean,   115.936,  ±  .004 

Now,  to  sum  up  the  ratios  and  calculate  the  atomic 
weight  of  strontium. 

(1.)  Ag  :  SrCI,  :  :  100  :  73.4655.  ±  -OO46 

(z.)  Ag  :  SrClj-eHjO  ;  :  100  :  I23.470,  i  .006 

(3.)  Per  cent,  of  H^O  in  SrCl^.eHjO,  40.575,  ±  .0015 

(4.]   SrClj  :  SrSO,  : :  100  :  U5.936,  ±  .004 

We  now  have  the  molecular  weight  of  SrCIj,  as  follows; 

From  (I) SrCl,  =  158.208,  ±  .017 

From  (2) "     =  I58.n3,  ±  .034 

From  (3) "     =  157.852.  ±  .032 

General  mean ■'     =  158.124,  dr  .014 
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And  for  the  atomic  weight  of  strontium  itself  we  have 
two  values,  as  follows : 

1.  From  mol.  wt.  of  SrCl,..„Sr  ^  S7.384,  ±  .032 

2.  From  (4) "  =  86.765,  ±  .244 


General  mean "  ^87.374,: 

If  0  ^](i,  then  Sr  ^87.575. 


CALCIUM. 

For  determining  the  atomic  weight  of  calcium  we  have 
sets  of  experiments  by  Berzelius,  Erdmann  and  Marchand, 
and  Dumas.  Salvetat*  also  has  published  an  estimation, 
but  without  the  details  necessary  to  enable  us  to  make  use 
of  his  results.  I  also  find  a  referencef  to  some  work  of 
Marignac ;  which,  however,  seems  to  have  been  of  but  little 
importance.  The  earlier  work  of  Berzelius  was  very  in- 
exact as  regards  calcium,  and  it  is  not  until  we  come  down 
to  the  year  1842  that  we  find  any  material  of  decided  value. 

The  most  important  factor  in  our  present  discussion  is  the 
composition  of  calcium  carbonate,  as  worked  out  by  Dumas 
and  by  Erdmann  and  Marchand. 

In  1842  DumasJ  made  three  ignitions  of  Iceland  spar, 
and  determined  the  percentages  of  carbon  dioxide  driven 
off  and  of  lime  remaining.  The  impurities  of  the  material 
were  also  determined,  the  correction  for  them  applied,  and  the 
weighings  reduced  to  a  vacuum  standard.  The  percentage 
of  lime  came  out  as  follows : 

56.12 
56,04 


Mean,  56.073,  ±  ■< 


*  Compt.  Kend. 
t  See  Oudeman' 
t  Compt.  Rend. 
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About  this  same  time  Erdmann  and  Marehand*  began 
their  researches  upon  the  same  subject.  Two  ignitions  of 
spar,  containing  .04  per  cent  of  impurity,  gave  respectively 
56.09  and  56.18  per  cent,  of  residue;  but  these  results  are 
not  exact  enough  for  us  to  consider  further.  Four  other 
results  obtained  with  artiticial  calcium  carbonate  are  more 
noteworthy.  The  carbonate  was  precipitated  from  a  solu- 
tion of  pure  calcium  chloride  by  ammonium  carbonate,  was 
washed  thoroughly  with  hot  water,  and  dried  at  a  tempera- 
ture of  180°.  With  this  preparation  the  following  residues 
of  lime  were  obtained  : 

56.03 
55.98 


Mean,  56.00,   ±  .007 

It  was  subsequently  shown  by  Eerzelius  that  calcium  car- 
bonate prepared  by  this  method  retains  traces  of  water  even 
at  200°,  and  that  minute  quantities  of  chloride  are  also  held 
by  it.  These  sources  of  error  are,  however,  in  opposite  di- 
rections, since  one  would  tend  to  diminish  and  the  other  to 
increase  the  weight  of  residue. 

In  the  same  paper  there  are  also  two  direct  estimations  of 
carbonic  acid  in  pure  Iceland  spar,  which  correspond  to  the 
following  percentages  of  lime : 

56.00 


In  a  still  later  paperf  the  same  investigators  give  another 
series  of  results  based  upon  the  ignition  of  Iceland  spar. 
The  impurities  were  carefully  estimated,  and  the  percentages 
of  lime  are  suitably  corrected : 
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CaCOj  gave  2.3594  g""'  CaO. 

55-997  per  c 

15- '385 

8.48.0 

56,022 

13.1958 

56,031        " 

13.2456 

56.032       '■ 

42.0295 

23-5533 

56,044       " 

49-7007 

27.8536 

56.042       " 

Mean 

56.028.  ± 

Six  years  later  Erdmann  and  Marchand*  published  one 
more  result  upon  the  ignition  of  calcium  carbonate.  They 
found  that  the  compound  began  giving  off  carbon  dioxide 
below  the  temperature  at  which  their  previous  samples  had 
been  dried,  or  about  200°,  and  that,  on  the  other  hand, 
traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 
These  two  errors  do  not  compensate  each  other,  since  both 
tend  to  raise  the  percentage  of  lime.  In  the  one  experiment 
now'  under  consideration  these  errors  were  accurately  esti- 
mated, and  the  needful  corrections  were  applied  to  the  final 
result.  The  percentage  of  residual  lime  iu  this  case  came 
out  55.998.  This  agrees  tolerably  well  with  the  figures 
found  in  the  direct  estimation  of  carbonic  acid,  and,  if  com- 
bined with  those  two,  gives  a  mean  for  all  three  of  56.006, 
±  .0043. 

Combining  all  those  series  we  get  the  following  result : 


and  Marchand 


.   56.073,  =t  .016 

_   56.006,  ±  .007 

,   56.028,  -!:  .0047 

.   56.006,  i  -0043 


General  mean _ 56,0198,  ±  ,0029 

For  reasons  given  above  this  mean  is  probably  vitiated 
by  a  slight  constant  error,  which  makes  the  figure  a  trifle 
too  high. 

In  t!ie  earliest  of  three  papers  by  Erdmann  and  Marchand 
there  is  also  given  a  series  of  determinations  of  the  ratio 
between  calcium   carbonate  and   sulphate.      Pure  Iceland 
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spar  was  carefully  converted  into  calcium  sulphate,  and  the 
gain  in  weight  noted.  One  hundred  parts  of  spar  gave  of 
sulphate ; 

135,07 


Mean,   136.0525,  ±  .0071 

In  1843  the  atomic  weight  of  calcium  was  redetermined 
by  Berzelius,*  who  investigated  the  ratio  between  lime  and 
calcium  sulphate.  The  calcium  was  first  precipitated  from 
a  pure  solution  of  nitrate  by  means  of  ammonium  car- 
bonate, and  the  thoroughly  washed  precipitate  was  dried 
and  strongly  ignited  in  order  to  obtain  lime  wholly  free 
from  extraneous  matter.  This  lime  was  then,  with  suitable 
precautions,  treated  with  sulphuric  acid,  and  the  resulting 
sulphate  was  weighed.  Correction  was  applied  for  the  trace 
of  solid  impurity  contained  in  the  acid,  but  not  for  the 
weighing  in  air.  The  figures  in  the  last  column  represent 
the  percentage  of  weight  gained  by  the  lime  upon  conversion 
into  sulphate : 

80425  gnu.  CaO  gained  2,56735  grm,  142.295 

50400  "  3-57O50     "  142.59^ 

3.90000  "  5.55'40    "  '42.343 

,04250  "  4-32650    "  142.202 

4S90O  ■'  4-93140    "  '42-567 


Last  of  all  we  have  the  ratio  between  calcium  chloride 
and  silver,  as  determined  by  Dumas.t  Pure  calcium  chlo- 
ride was  first  ignited  in  a  stream  of  dry  hydrochloric  acid, 
and  the  solution  of  this  salt  was  afterwards  titrated  with  a 
silver  solution  in  the  usual  way.  The  CaCl;  proportional 
to  100  parts  of  Ag  is  given  in  a  third  column  : 


*  Joum.  filr  Prakt,  Chem,,  31,  263,     Ann.  Clici 
+  Ann.  Chin,.  Phy5„  (3,)  55.  '29-      '859,       All 
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2.738  gnu.  CaClj  =  5.309  gnn.  , 
2.436  "  4-731 

t.859  "  3.617 


We  have  now  four  ratios  to  calculate  from,  as  follows : 

(I.)  Per  cent,  of  CaO  in  CaCO,,  56.0198,  ±  .0029 

(2.)  CaO  :  SO,  ; :  100  ;  142-3998,  ±  .0518 

(3.)  CaCOj  :  CaSO,  : :  100  ^  136.0525,  -±  .0071 

(4.)  Ag  :  CaO,  : ;  100  :  51-4554.  ±  .0230 

These  give  us  the  subjoined  values  for  calcium : 

From  (:) _.Ca  =  39-955,  ±  .011 

From  (3) "   =40.139,  ±  ,023 

From  (3) "  =  39-925>  ±  -o^S 

From  (4) "   —  40.069,  ■+:  .058 


General  mean ■■   =39.990.  i  .010 

If  0  ^  16,  then  Ca  =  40-082. 

A  glance  at  the  above  figures  will  show  that,  if,  as  is 
probable,  the  value  deduced  from  the  composition  of  calcium 
carbonate  is  a  trifle  too  high,  the  general  mean  must  be  too 
high  also.  It  is,  therefore,  interesting  to  see  what  result  the 
very  latest  of  Erdraann  and  Marchand's  experiments  will 
lead  to.  They  found,  after  taking  every  precaution,  in  a 
single  experiment  that  calcium  carbonate  yielded  55.998  per 
cent,  of  lime.  From  this  we  get  Ca  =  39.905 ;  or,  if  0  = 
16,  Ca  =  39-997.  It  is  possible,  then,  that  "  Prout's  law " 
may  hold  good  for  calcium. 
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LEAD. 


For  the  atomic  weight  of  lead  we  have  to  consider  experi- 
ments made  upon  the  oxide,  chloride,  nitrate,  and  sulphate. 
The  researches  of  Berzelius  upon  the  carbonate  and  various 
organic  salts  need  not  now  be  considered,  nor  is  it  worth 
while  to  take  into  account  any  work  of  his  done  before  the 
year  1818.  The  results  obtained  by  Dobereiner*  and  by 
Longchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  de- 
pend upon  the  researches  of  Berzelius.  His  experiments 
were  made  at  different  times  through  quite  a  number  of 
years ;  but  were  finally  summed  up  in  the  last  edition  of 
his  famous  "  Lehrbuch."t  In  general  terms  his  method  of 
experiment  was  very  simple.  Perfectly  pure  lead  oxide  was 
heated  in  a  current  of  hydrogen,  and  the  reduced  metal 
weighed.  From  his  weighings  I  have  calculated  the  per- 
centages of  lead  thus  found  and  given  them  in  a  third 
column : 

Earlier  Results. 


.045  grni.  PbO  gave  7.46;5  grm.  Pb.            92.8217  per 

.183 

13.165 

92.8224       ■ 

.8645 

10.084 

92.8160       ' 

.1465 

12.2045          " 

92.8346       ' 

■9425 

20.3695 

92.S313       ' 

.159 

10.359 

Latest. 

92.8309       ' 

.6155 

6. 141 

92.8275       ' 

,487 

13-448 

92.8280       " 

.626 

13-5775 

92,8313       ' 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Ber- 
zelius, Turner,  and   Stas.     Berzelius,||   whose  experiments 

*Schweig.  Joiirn,,  17,  241.      1816. 
f  Ann.  Chim.  Pliys.,  34,  105.      1827, 

[[Lehrbuch,  jlh  Ed.,  3,  1187. 
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were  intended  rather  to  fix  the  atomic  weight  of  sulphur, 
dissolved  in  each  estimation  ten  grammes  of  pure  lead  in 
nitric  acid,  then  treated  the  resulting  nitrate  with  sulphuric 
acid,  brought  the  sulphate  thus  formed  to  dryness,  and 
weighed.     One  hundred  parts  of  metal  yield  of  PbSO, : 


Mean,  146.419,  it  .012 
Turner,*  in  three  similar  experiments,  found  as  follows : 


Mean,  146.431,  ±  -ori 

In  these  results  of  Turner's  absolute  weigtits  arc  implied. 

The  results  of  8taa'  syntheses,t  effected  after  the  same 
general  method,  but  with  variations  in  details,  are  as  follows. 
Corrections  for  weighing  in  air  were  applied  : 

146.443 
146.427 
T46.419 
146.432 
146,421 
146.423 

Mean,  146,4275,  ±  .0024 

Combining,  we  get  the  subjoined  result; 

Bericlius 146.419.    d=  .012 

Turner __-    I46.401,     ±  .01 1 

Slas 146.4275,  ±  .0024 

General  mean 146.4262,  ±  .0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  syntheses 
of  lead  sulphate,  in  which  he  starts  from  the  oxide  instead 

*Pha.  TranK.,  1833,527-538. 
t  Aron5tein's  Translation,  333. 
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of  from  the  metal.    One  hundred  parts  of  PbO,  upon  con- 
version into  PbSO„  gained  weight  as  follows : 

35  84 
3S.71 
35- «4 
35-75 
35-79 
35.78 


Mean,  35,804,  zfc  .018 

These  figures  are  not  wholly  reliable.  Numbers  one,  two, 
and  three  represent  lead  oxide  contaminated  with  traces  ot" 
nitrate.  The  oxide  of  four,  five,  and  six  contained  traces 
of  minium.  Number  seven  was  free  from  these  sources  of 
error,  and,  therefore,  deserves  more  consideration.  Tlie 
series  as  a  whole  undoubtedly  gives  too  low  a  figure  ;  and 
this  error  would  tend  to  slightly  raise  the  atomic  weight  of 
lead. 

Still  a  third  series  by  Turner  establishes  the  ratio  between 
the  nitrate  and  the  sulphate ;  a  known  weight  of  the  former 
being  in  each  experiment  converted  into  the  lattei'.  One 
hundred  parts  of  sulphate  represent  of  nitrate : 

109.310 

Mean,  109,307,  ±  .002 

In  all  these  experiments  by  Turner  the  necessary  correc- 
tions were  made  for  weighing  in  air. 

For  the  ratio  between  lead  chloride  and  silver  we  have  a 
series  of  results  by  Marignac  and  one  experiment  by  Dumas. 
There  are  also  unavailable  data  by  Turner  and  by  Ber- 
zeUus. 

Marignac,*  applying  the  method  used  in  his  researches 
upon  barium  and  strontium,  and  working  with  lead  chlo- 
ride which  had  been  dried  at  200°,  obtained  these  results. 

*Joum.  fiirPrakt.  Cheiii.,74,  218.     1858, 
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The  third  column  gives  the  ratio  between  PbO!.,  aiul  100 
parts  of  Ag : 

4.9975  grni.  PbCI,  =  3.8810  grm.  Ag.  128.768 

4.9980   -   3-8835  "      '28.698 
5.0000   "        3.8835  '■      128,750 

=  0000  ■'  1.8860        "  128.667 


Dumas,*  in  hia  investigations^  found  that  lead  chloride 
retains  traces  of  water  even  at  250°,  and  is  sometimes  also 
contaminated  with  oxychloride.  In  one  estimation  8.700 
grammes  PbClj  saturated  6.750  of  Ag.  The  chloride  con- 
tained .009  of  impurity;  hence,  correcting,  Ag  :  PbCl^  :  : 
100  :  128.750.  If  we  assign  this  figure  equal  weight  with 
those  of  Marignac,  we  get  as  the  mean  of  all,  128.7266,  =fc 
.013.  The  sources  of  error  indicated  by  Dumas,  if  they  are 
really  involved  in  this  mean,  would  tend  slightly  to  raise 
the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  out  by  Stas,t 
gives  excellent  results.  Two  series  of  experiments  were 
made,  with  from  103  to  250  grammes  of  lead  in  each  deter- 
mination. The  metal  was  dissolved  in  nitric  acid,  the  solu- 
tion evaporated  to  dryness  with  extreme  care,  and  the 
nitrate  weighed.  All  weighings  were  reduced  to  the  vacuum 
standard.  In  series  A  the  lead  nitrate  was  dried  in  an  air 
current  at  a  temperature  of  about  155°.  In  series  B  the 
drying  was  effected  in  vacuo.     100  of  lead  yield  of  nitrate: 


'59.973 
'59-975 
159,983 
'59-975 
159.968 
159.973 

'59-9743.  : 


*  Ann.  Chem.  Pharm,,  113,  35. 
t  Aronsteiu's  Translation,  326. 
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1!. 


159.970 
159.964 
'59-959 
'59.965 

Mean,  159.9645,  rt  .0015 
Mean  from  both  series,  159.9704,  ±  ,0010 

There  still  remain  to  be  noticed  two  sets  of  experiments 
upon  lead  nitrate,  which  were  originally  intended  to  estab- 
lish the  atomic  weight  of  nitrogen.  Lead  nitrate  was  care- 
fully ignited  and  the  residual  oxide  weighed.  The  first 
series,  bearing  Svanberg's  name,*  gives  simply  the  percen^ 
age  of  oxide  found,  as  follows : 


67.4016,  ±:  .OC 


The  second  series  is  by  Anderson,!  and  gives  the  weigh- 
ings upon  which  the  percentages  rest.  The  latter  come  out 
thus: 

5.19485  grm.  PbN^Osgave  3.5017  grm.  PbfJ,  67.4071  percent. 

9-7244  '■                    6.5546           "  67.4037        " 

9.2181  "                    6.2134           "  67.4044       " 

9-6530  ■'                    6.5057           "  67.3957        " 


It  will  at  once  be  seen  that  these  series  are  identical ;  the 
discordance  between  the  first  figures  of  the  two  being  un- 
doubtedly due  to  some  misprint  in  the  weighings  of  the 
Anderson  set.  How  it  happens  that  the  same  work  has 
been  published  by  two  separate  authors  I  will  not  attempt 
to  explain ;  neither  will  I  undertake  to  determine  which  of 
the  two  is  really  entitled  to  credit. 

*  Joum,  mr  Prakt.  Chem.,  27,  381.     1842, 
fAnn.  Chim.  Pl.yi;.,(3,)9.254.      1843. 
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We  have  now  seven  ratios  upon  which  to  base  our  com- 
putations : 


)  Per. 
)  Pert 
)  Pb  :  PbSO,  :  :  lo 
.)  PbO  :  PbSO.::  i 
)  PbSO, :  PbNjOj 
.)  Pb  :  PbNjOs  :  ;  r 
)  Ae  :  PbCIj  : :  i-x 


:  146.4262,  ±  -OQ23 
>o  :  135.804,  ±  .018 
:  100  :  109.307,  ±  .002 
o:  159.9704,  ±  .0010 
:  138.7266,  ±  .013 


Discussing  these  separately,  we  get  an  equal  number  of 
values  for  the  atomic  weight  of  lead : 

1  (i) Pb  =  206.587,  = 

(2) "  =207.046,: 

{3) ■'  =206.435,; 

(4) "   =  207.13',  1 

(5) "   =204-803,= 


'     ;=  206,454, 
'     =206.473, 


If  0  =  16,  this  becomes  Pb  =  207.079. 

In  the  above  discussion  are  included  several  values  which 
diverge  widely  from  this  general  mean,  and  which,  for 
other  reasons,  are  probably  erroneous.  Although  but  one  of 
these  carries  much  weight,  it  is  as  well  to  exclude  them,  and 
to  base  our  computations  upon  the  others.  If,  now,  we 
reject  the  second,  fourth,  and  fifth  values,  we  get  for  the 
atomic  weight  of  lead,  Pb  -  206.471,  ±  .021.  If  0  =  16, 
this  becomes  Pb  =  206.946. 

From  the  synthesis  of  the  nitrate  Stas  found  206.918,  and 
from  the  sulphate,  206.934.  The  agreement  of  these  values 
with  our  own  general  mean  is  certainly  very  close. 
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FLUORINE. 


The  atomic  weight  of  fluorine  has  been  determined  only 
by  one  general  method,  namely,  by  the  conversion  of  flu- 
orides into  sulphates.  Excluding  the  early  results  of  Davy,* 
we  have  only  to  consider  the  experiments  of  Berzelius, 
Louyet,  Dumas,  and  DeLuca,  with  reference  to  the  fluorides 
of  calcium,  sodium,  potassium,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been 
determined  by  the  four  investigators  above  named,  and  by 
one  general  proceiss.  The  fluoride  is  treated  with  strong 
sulphuric  acid,  the  resulting  sulphate  is  ignited,  and  the 
product  weighed.  In  order  to  ensure  complete  transforma- 
tion special  precautions  are  necessary ;  such,  for  instance,  as 
repeated  treatment  with  sulphuric  acid,  and  so  on.  For 
details  like  these  the  original  papers  must  be  consulted. 

The  first  experiments  in  chronological  order  are  those  of 
Berzelius.t  who  operated  upon  an  artificial  calcium  fluoride. 
He  found,  in  three  experiments,  for  one  part  of  fluoride  the 
following  of  sulphate : 


Mean,  1.750,  i  .0004 

Louyet's  researches^  were  much  more  elaborate  than  the 
foregoing.  He  began  with  a  remarkably  concordant  series 
of  results  upon  fluor  spar,  in  which  one  gramme  of  the  flu- 
oride yielded  from  1.734  to  1.737  of  sulphate.  At  first  he 
regarded  these  as  accurate,  but  he  soon  found  that  particles 
of  spar  had  been  coated  with  sulphate,  and  had  therefore 
escaped  action.  In  the  following  series  this  source  of  error 
was  guarded  against. 

*Phil.  Trans.,  1814,64. 

t  Pop^end,  Annnl.,  8,  1.     1826. 

J  Ann,  Chim.  Phyi.,  (3,)  25,  300.      1849, 
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Starting  with  fluor  spar,  Louyet  found   of  sulphate  i 
follows : 


A  second  series,  upon  artificial  fluoride,  gave: 


Dumas*  published  but  one  result  for  calcium  fluoride. 
.495  grm.  gave  .864  grm.  sulphate,  the  ratio  being  1  :  1.7455. 

De  Lucat  worked  with  a  very  pure  fluor  spar,  and  pub- 
lished the  following  results.  The  ratio  between  CaSO^  and 
one  gramme  of  CaF^  is  given  in  the  third  column : 

.9305  grm,  CaF^  gave  1.630  gnn.  CaSO,,  '.75'^ 

.836  '■  1.4S9  "  '-7452 

.503  '-  .8755         "  '-7440 

.3985  "  .6945  "  '-7428 

If  we  include  Dumas'  single  result  with  these,  we  get  a 
mean  of  1.7459,  ±  .0011. 
■  Upon  combining  all  these  series,  we  get  as  follows : 


De  Luea  and  Dur 
General  nn 


1.7500, 

i 

0004 

1.7437, 

± 

0003 

1-7417. 

±: 

0004 

1.7459. 

± 

DOM 

1.74493 

± 

OOD2 

For  the  ratio  between  the  two  sodium  salts  we  have  ex- 
periments by  Dumaaand  by  Louyet.J:  According  to  Louyet 
one  gramme  of  NaF  gives  of  NajSO, : 


*Ann.  Chem.  Pharm.,  113,28. 
t  Compt.  Rend.,  51,  299.  i860, 
J  See  the  paper.-,  already  quoted. 
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I.6SS 
Mean,  1.6847,  dz  .0006 
The  weighings  pubhshed  by  Dumas  are  as  follows : 

.777  gnu.  NaFgive  I,3l2grm.  NajSO,.       Ratio,  1.689 
r.737  ■■  2.930  ■'  '■       1.687 

Mean,  1.688,  ±  .0007 

The  general  mean  of  both  series  is  1.6863,  ±  .0004. 

Dumas  also  gives  experiments  upon  potassium  fluoride. 
The  quantity  of  sulphate  formed  from  one  gramme  of  flu- 
oride is  given  in  the  last  column : 

1.483  grm.  KF  give  2.225  K^m.  KjSO,.  1.5002 

1.309  ■'  1.961  ■'  1.49S1 


The  ratios  for  the  fluorides  of  lead  and  of  barium  are  due 
entirely  to  Louyet.     One  gramme  BaF^  gave  of  BaSO,: 


Mean,   1.331,  ±  ,0004 

With  the  lead  fluoride  a  new  method  of  treatment  was 
adopted.  The  salt  was  fused,  powdered,  dissolved  in  nitric 
acid,  and  precipitated  by  dilute  sulphuric  acid.  The  evap- 
oration of  the  fluid  and  the  ignition  of  the  sulphate  was 
then  effected  without  transfer.  Five  grammes  of  fluoride 
were  taken  in  each  operation,  yielding  of  sulphate : 
6.179 


Mean,  6. 1783,  ±  .0002 
We  now  have  five  ratios  to  calculate  from,  as  follows : 
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(I.)  CaF,  :  CaSO,  :  :  I.o  :  1-74493,  ±  .M02 
(2.)  NaF  :  Na,SO,  : :  l.o  :  1. 6863,  ±  .OOO4 
(3.)  KF  ;  KjSO,  ::  1.0  :  1.4991,  ±  .0007 
(4.)  BaFj  :  BaSO,  ; :  1.0  :  1.33I0,  ±  .OOO4 
(5.)  PbF,j  :  PbSO,  ;:  5.0  :  6.I783,  ±  ,0002 

From  these  we  get  five  values  for  F : 
From  (l) 


=  18.926 

= 

.009 

=  19-050 

± 

.014 

^  18.975 

rfc 

.032 

=  '8-993 

=h 

■033 

^  19.092 

^I 

==  18.984 

± 

.0065 

.     (3) 

"     (4) 

"      (5) 

General  nieaii__ 

If  0  =  16,  this  becomes  19.027. 

Before  leaving  the  subject  of  fluorine  we  must  notice  two 
possible  sources  of  error  beyond  the  always  to  be  considered 
one  of  impurities  in  the  materials  employed.  First,  an  in- 
complete conversion  of  a  fluoride  into  a  sulphate  would  lead 
to  results  tending  to  raise  the  atomic  weight  of  fluorine. 
On  the  other  hand,  the  value  for  fluorine  which  has  most 
weight  is  that  derived  from  calcium  fluoride.  But  it  was 
shown  under  calcium  that  the  atomic  weight  determined  for 
that  metal  was  probably  a  trifle  too  high.  This  error,  intro- 
duced into  our  fluorine  calculations,  tends  to  lower  our  final 
results.  These  two  errors,  then,  if  they  really  exist,  will,  in 
part  at  least,  compensate  each  other. 
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PHOSPHORUS. 


The  material  from  which  we  are  to  calculate  the  atomic 
weight  of  phosphorus  is  by  no  means  abundant.  Berzelius, 
in  his  Lehrbuch,*  adduces  only  his  own  experiments  upon 
the  precipitation  of  gold  by  phosphorus,  and  ignores  all  the 
earlier  work  relating  to  the  composition  of  the  phosphates. 
These  experiments  we  will  consider  with  reference  to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride 
with  a  standard  solution  of  silver,  obtained  a  wholly  erro- 
neous result ;  and  Jacquelain,!  in  his  similar  experiments, 
did  even  worse.  Schrbtter's  criticism  upon  Jacquelain  suf- 
ficiently disposes  of  the  latter,|| 

There  are,  in  short,  but  two  investigations  upon  the 
atomic  weight  of  phosphorus  which  have  any  value  for 
present  purposes,  namely,  the  researches  of  Schrotter  and  of 
Dumas.  These  chemists  worked  with  different  materials 
and  by  different  methods,  and  yet  obtained  beautifully  con- 
cordant results. 

Schrotter§  burned  pure  amorphous  phosphorus  in  dry 
oxygen,  and  weighed  the  pentoxide  thus  formed.  One 
gramme  of  P  yielded  P.fi^  in  the  following  proportions  : 

28S31 


28959 
2S872 


iScuSG,  : 


Hence  P  =  30.9562,  ±  .0074. 


•StIiEd.,  I188. 

f  Compt.  Rend.,  20,  1047. 

jCompt,  Rend.,  33.^93- 

II  Joum.  fiir  Prakt.  Chem.,  S7.  3'5- 

j  Joum.  fdr  Prakt,  Chem.,  53.  435. 
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Dumas*  prepared  pure  phosphorus  trichloride  by  the 
action  of  dry  chlorine  upon  red  phosphorus.  The  portion 
used  in  his  experiments  boiled  between  76°  and  78°.  This 
was  titrated  with  a  standard  solution  of  silver  in  the  usual 
manner.  Dumas  publishes  weights,  from  which  I  calculate 
the  figures  given  in  the  third  column,  representing  the 
quantity  of  trichloride  proportional  to  100  parts  of  silver : 

1.787  grin.  PCI3  =  4.208  grm.  Ag.  42.4667 

1.466  "  3-454        "  42-4435 

3.056  "  4-844         "  42-4443 

3.925  "  6.890         "  42.4528 

3.220  "  7.582         "  42.4690 

Mean,  4^-4553^  ±;  -o^S^ 

Hence  P  =  31.0314,  ±  .0467. 

Now,  combining  these  two  values,  we  have ; 

Uy  Schrottcr P  =  30.95^2^  ±  -0074 

By  Dumas _  "  =  3I.03'4.  ±.  ■04'>7 

General  mean "  =  30-95^.  ±  ■'^73 

If  0  =  16,  this  becomes  31.0292. 

The  fact  here  noticeable,  that  Dumas'  figures  give  a  value 
for  P  slightly  higher  than  that  deduced  from  those  of 
Sehrbtter,  may  be  accounted  for  upon  the  supposition  that 
the  phosphorus  trichloride  contained  traces  of  oxychlorido. 
Such  an  impurity  would  tend  to  raise  the  apparent  atomic 
weight  of  phosphorus,  and  its  occurrence  is  by  no  means 
improbable. 
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BORON. 

The  atomic  weight  of  this  element  has  been  determined 
by  Berzehus  and  by  Laurent,  and  calculated  by  Dumas 
from  some  experiments  by  Deville. 

Berzelius*  based  his  determination  upon  three  concordant 
estimations  of  the  percentage  of  water  in  borax.  Laureiitf 
made  use  of  two  similar  estimations,  and  all  five  may  be 
properly  put  in  one  series,  thus ; 


Mean,  47-13.  ±.013 

Hence  B  =  10.943,  ±  .023. 

Dumas't  calculations  were  based  on  Deviile's  analyses  of 
the  chloride  and  bromide  of  boron,  which  give  the  ratios 
between  AgCl  and  BCl,,  and  between  AgBr  and  BBrj.  Re- 
ducing the  weighings  to  a  common  standard,  100  parts  of 
silver  chloride  correspond  to  the  quantities  of  boron  tri- 
chloride given  in  the  third  column : 

.6763  grm.  BCI3  =  2.447  grm.  AgCl.  ^7-303 

.923  "  3-395  ■'  27.187 

Mean,  27.245,  ±  -Oj9 

Hence  B  =  10.808,  ±  .174. 

With  the  bromide,  2.44G  BBr^  gave  5.496  AgBr.  If  wo 
assign  this  experiment  equal  weight  witb  one  in  the  clilo- 
ride  series,  and  include  the  probable  error  of  Br,  B  — 
10.964,  ±  .364. 

The  three  values  combine  as  follows : 

*  PogECntl.  Annal.,  8,  i.     i8z6. 

t  Jo"""'  *"'■  f""'-*-  f^hem.,  47,  415.     1849. 

JAnn.  Chem.  Phnrm,,  113,  31,      i860. 
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From  borax B  ^=  10.943,  ±  ,023 

From  BCI3 "  =  10.808,  ±  .!J4 

From  BBr, _ "  =  10.964,  ±  ,364 

General  mean- _ "  =  IO.941,  ±  -023 

If  0  =-  16,  B  =  30.966. 

Further  investigation  of  the  atomic  weight  of  boron  is 


evidently  desirable. 


SILICON". 


Although  Berzelius*  attempted  to  ascertain  the  atomic 
weight  of  silicon,  first  by  converting  pure  Si  into  SiO^,  and 
later  from  the  analysis  of  BaSiF^,  his  results  were  not  satis- 
factory. We  need  only  consider  the  estimations  of  Pelouze, 
Schiel,  and  Dumas. 

Peloiize,t  experimenting  upon  silicon  tetrachloride,  em- 
ployed his  usual  method  of  titration  with  a  solution  con- 
taining a  known  weight  of  silver.  One  hundred  parts  of 
Ag  gave  the  following  equivalencies  of  SiCl, : 


Hence  Si  ^  28.408. 

Essentially  the  same,  method  was  adopted  by  Dumas.|: 
Pure  SiClj  was  weighed  in  a  sealed  glass  bulb,  then  decom- 
posed by  water,  and  titrated.  The  results  for  100  Ag  are 
given  in  the  third  column : 

2.899  grni.   SiCl,=  7.3558  grm.  Ag.  39.4M 

1.242  "  3-154  "  39-379 

3.221  "  8.187s         "  39-340 

Mean,  39.377.   =t  .014 

Hence  Si  =  28.117. 

*  Lehrbuch,  5  Aull.,  3,  1200. 

t  Compt.  Rend.,  20,  1047.     1845. 

J  Ann.  Chcm.  Pharm.,  II3,  31.      i860. 
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Dumas  and  Pelouze'a  sories  combine  as  follows : 

Pelouze 39.4447,  ±  .0083 

Dumas 39.377.     ±.014 

General  mean 39-4265,  i  ,oo;i 

Hence  SiCl,  ^  169.810,  ±  .034. 

Schiel,*  also  studying  tho  chloride  of  silicon,  decomposed 
it  by  ammonia.  After  warming  and  long  standing  it  was 
filtered,  and  in  the  filtrate  the  chlorine  was  estimated  as 
AgCl.  One  hundred  parts  of  AgCl  correspond  to  the  quan- 
tities of  SiCl,  given  in  the  last  column : 

.6738  grm.  SlCljgave  2.277  grm.  AgCl.  29- 59^ 

1.3092  ■■  4.418  "  29.633 

Mean,  29.6125,  ±  .0138 

Hence  SiCl,  =  169.437,  ±  .080,  and  Si  =  27.957. 
Combining  the  values  for  SiCl^  we  have  this  result : 

Peloiiieand  Dumas SiClj  =  169. 8lo,  ±  ,034 

Schiel "     :=  169.437,  d:  -080 

General  mean "     ^  169.675,  ±  .031 

Hence  Si  =  28.195,  ±  .066;  or,  if  0  =  16,  Si  =  28.260. 

It  will  be  observed  that  all  of  these  determinations  rest 
upon  the  composition  of  SiCl^,  a  compound  for  which  it 
would  not  be  easy  to  guarantee  absolute  purity.  All  the 
errors  likely  to  occur  in  the  determination  of  the  atomic 
weight  would  be  plus  errors,  so  that  the  value  deduced 
above  is  almost  certainly  too  high. 

*  Ann.  Chem.  Pharm,,  120,  94. 
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The  earlier  determinations  of  the  atomic  weight  of  lithium 
by  Arfvedson,  Stromeyer,  C.  G.  Gmelin,  and  Kralovanzky 
were  all  erroneous,  because  of  the  presence  of  sodium  eom- 
pounda  in  the  material  employed.  The  results  of  Berzelius, 
Hiigen,  and  Hermann  were  also  incorrect,  and  need  no 
further  notice  here.  The  only  investigations  which  we  need 
to  consider  are  those  of  Mallet,  Diehl,  Troost,  and  Stas. 

Mallet's  experiments*  were  conducted  upon  lithium  chlo- 
ride, which  had  been  purified  as  completely  as  possible.  In 
two  trials  the  chloride  was  precipitated  by  nitrate  of  silver, 
which  was  collected  upon  a  filter  and  estimated  in  the  ordi- 
nary way.  The  figures  in  the  third  column  represent  the 
liCl  proportional  to  100  parts  of  AgCl : 

7.18SS  grm.  LiClgiive  24.3086  grm.  AgCI.  59.606 

8.594;  "  39.0621  "  29-574 

In  a  third  experiment  the  LiCl  was  titrated  with  a  standard 
solution  of  silver.  3,9942  grm.  LiCl  balanced  10.1702  grm. 
Ag,  equivalent  to  13.511  grm.  AgCl.  Hence  100  AgOl  = 
29.563  LiCl.  Mean  of  all  three  experiments,  29.581,  ±  .0087. 
l>iehl,t  whose  paper  begins  with  a  good  resum^  of  all  the 
earlier  determinations,  describes  experiments  made  with 
lithium  carbonate.  This  salt,  which  was  spectroscopically 
pure,  was  dried  at  130°  before  weighing.  It  was  then 
placed  in  an  apparatus  from  which  the  carbon  dioxide  gen- 
erated by  the  action  of  pure  sulphuric  acid  upon  it  could 
be  expelled,  and  the  loss  of  weight  determined.  From  this 
loss  the  following  percentages  of  CO,  in  Li^COj  were  deter- 
mined : 

59.422 

59-404 

59,440 

59.401 
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Diehl's  investigation  was  quickly  foliowed  by  a  confirma- 
tion from  Troost.*  This  chemist,  in  an  earlier  paper,t  had 
sought  to  fix  the  atomic  weight  of  lithium  by  an  analysis 
of  the  sulphate,  and  had  found  a  value  not  far  from  6.5 ; 
thus  confirming  the  results  of  Berzelius  and  of  Hagen,  who 
had  employed  the  same  method.  But  Diehl  showed  that 
the  BaSOi  precipitated  from  LiaSOj  always  retained  traeca 
of  Li,  which  were  recognizable  by  spectral  analysis,  and 
which  accounted  for  the  error.  In  the  later  paper  Troost 
made  use  of  the  chloride  and  the  carbonate  of  lithium,  both 
spectroscopieally  pure.  The  carbonate  was  strongly  ignited 
with  pure  quartz  powder,  thus  losing  carbon  dioxide,  which 
loss  was  easily  estimated.  The  subjoined  results  were  ob- 
tained : 

.970  crni,  Li,COj  lo,t     .577  grm.  CO.,-  59.485  per  cent. 

1.782  '■  1.059  ■'  59-42;        " 

Mean,  59.456,  ±  .020 

This  combined  mth  Diehl's  mean,  59.417,  ±  .006,  gives  a 
general  mean  of  50.420,  d=  .0057. 

The  lithium  chloride  employed  by  Troost  was  heated  in 
a  stream  of  dry  hydrochloric  acid  gas ;  of  which  the  excess, 
after  cooling,  was  expelled  by  a  current  of  dry  air.  The 
salt  was  weighed  in  the  same  tube  in  whicli  the  foregoing 
operations  had  been  performed,  and  the  chlorine  was  then 
estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
and  100  parts  of  AgCl  is  given  in  the  third  column : 

1.309  grm.  LiCl  gave  4.420  grm.  AgCI.  29.615 

2.750  "  9.300  "  29.570 


This  combined  with  Mallet's  mean,  29.581,  ±  .0087,  gives 
a  general  mean  of  59.584,  ±  .0075. 
Finally,  we  come  to  the  work  of  Stas,t  which  was  exe- 

*  Zeit.  Anal.  Chem.,  i,  402. 

f  Aiuiales  d.  Chim.  et  d.  Phys.,  51,  108. 

J  Aronstein's  Translation,  279-302. 
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cuted  with  his  usual  wonderful  accuracy.  In  three  titra- 
tions, in  which  all  the  weights  were  reduced  to  a  vacuum 
standard,  the  foUomng  quantities  of  LiCl  balanced  100 
parts  of  pure  silver : 

39.356 
39-357 
39-3^1 

Mean,  39,358,   ±  .001 

In  a  second  series  of  experiments,  intended  for  determin- 
ing the  atomic  weight  of  nitrogen,  LiCl  was  converted  into 
LiNOg.  The  method  was  that  employed  for  a  similar  pur- 
pose -mth  the  chlorides  of  sodium  and  of  potassium.  One 
hundred  parts  of  LiCl  gave  of  LiNO^: 


Mean,  162.5953,  i  .0025 

We  have  now  the  following  ratios  from  which  to  deduce 
the  atomic  weight  of  lithium : 

(i.)  AgCl  :  LiCl  : :  100  :  29.584.  ±  -0075 

(2.)  Ag:LiClr:  100:39.358.^.001 

(3,)  LiCl  :  LiNO^  : :  100  :  162.5953.  ±  .0025 

(4,)  Per  cent,  of  COj  in  LijCO,.  59.420.  ±  .0057 

Hence  two  values  for  the  molecular  weight  of  LiCl : 

From  {i)._ LiCl  =  42.3187.  ±  .0039 

From  (3) "      =.42.3787,  ±  .01  H 

General  mean '■      =  42.3720.  ±  .0037 

For  lithium  itself  we  get  three  values : 

From  molecular  weight  of  LiCl— -Li  =  7.002.    ±  .015 

From  ratio  (3) "  =  7-0287,  ±  .042 

From  ratio  (4) "  =  7-O085,  ±  .008 

General  mean "  =  7.0073,  ±  .007 

If  0  =  16,  then  Li  =  7.0235.     Stas  himself  gives  7,022 
as  his  determination.    Difference,  .0015. 
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RUBIDIUM. 


The  atomic  weight  of  rubidium  has  beeu  determined  by 
Bunsen,  Piccard,  and  Godelfroy ;  but  only  from  analyses  of 
the  chloride. 

Bunsen,*  employing  ordinary  gravimetric  methods,  esti- 
mated the  ratio  between  AgCl  and  RbCl.  His  rubidium 
chloride  was  purified  by  fractional  crystallization  of  the 
chloroplatiiiate.  He  obtained  the  following  results,  to  which, 
in  a  third  column,  I  add  the  ratio  between  EbCl  and  100 
parts  of  AgCl : 

One  grm.  RbC!  gave   1.1873  grni,  AgCl.  84.225 

I. 1873  -  84.225 

1.1850  "  84.38S 

1.1880  "  S4.175 

Mean,  84.253,  ±  .03I 

The  work  of  Piccardf  was  similar  to  that  of  Bunsen.  In 
weighing,  the  crucible  containing  the  silver  chloride  was 
balanced  by  a  precisely  similar  crucible,  in  order  to  avoid 
the  correction  for  displacement  of  air.  The  filter  was 
burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
amount  of  material  adhering  to  the  ash  was  reckoned  as 
metallic  silver.  The  rubidium  chloride  was  purified  by 
Bunsen's  method.  The  results,  expressed  according  to  the 
foregoing  standard,  are  as  follows : 

1.1587  grm.  RbCl  =  1.372  AgCl  -|-  .0019  Ag.  84.300 

1.4055  "  l-<>S32     "         -oojo   "  84.303 

1. 001  "  1.1850     "         ,0024   "  84.245 

1.5141  "  '.7934     "         -OoiS   "  84.313 

Mean,  84.290,  ±   -0105 

Godeffroy,];  starting  with  material  containing  both  ru- 
bidium and  CEesium,  separated  the  two  metals  by  fractional 

*  Zeil.  Anal.  Chem.,  i,  136.      Pc^end.  Annal.,  I13,  339.      1861. 
tJoum.  furPrakt.  Chem,,  86,  454.     1S62.      Zeit.  Anal,  Chcm.,  i,  51S. 
JAnn,  Chem,  Thaim,,  181,  1S5,     1876, 
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crystallization  of  their  alums,  and  obtained  salts  of  each 
spectroscopically  pure.  The  nitric  acid  employed  was  tested 
for  chlorine  and  found  to  be  free  from  that  impurity,  and 
the  weights  used  were  especially  verified.  In  two  of  his 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary 
process  of  filtration.  In  the  other  two  it  was  washed  by 
deeantation,  dried,  and  weighed  in  a  glass  dish.  The  usual 
ratio  is  appended  in  the  third  column  : 

1.4055  gim.  RbCl  gave  1.6665  grin,  AgCl.  84.338 

1.8096  ■'  2. 1461  "  84.320 

2.2473  "  2.665  "  84.326 

2.273  "  2-6946  "  84.354 

Mean.  84.3345,  ±  .0051 

Combining  the  three  series,  we  get  the  following  result ; 

Butisen 84.253,    ±  .031  Rb  =  S5.i5o 

Piccard 84. 290,    ±0105  "   =85.203 

Godeffroy 84,3345,^.0051  "    =85.263 


General  mean___  84.324,    ±  .0045 

Hence  Itb  =  85.251,  ±  .018.     If  0  =  l(i,  Eb  =  85.529. 


CJESIUM. 

The  atomic  weight  of  ea3sium,  like  that  of  rubidium,  has 
been  determined  from  the  analysis  of  the  chloride.  The 
earliest  determination,  by  Bunsen,*  was  mcorrect,  because 
of  impurity  in  the  material  employed. 

In  1863  Johnson  and  Allen  published  their  results.t 
Their  material  was  extracted  from  the  lepidolite  of  Hebron, 
Maine,  and  the  cassium  was  separated  from  the  rubidium  as 
bitartrate.  From  the  pure  caesium  bitartrate  caesium  chlo- 
ride was  prepared,  and  in  this  the  chlorine  was  estimated  as 

*Zeit,  Anal.  Chem.,  I,  137. 

t  Amer.  Journ.  ScL.  and  Arts,  (2,1  35,  94. 
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silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  preced- 
ing chapters,  we  have,  in  a  third  column,  the  quantities  of 
CsCl  equivalent  to  100  parts  of  AgCl : 

1.3371  erm.  CsCl  gave   I-5634  grm.  AgCi.  117.507 


Mean,   117.499,  ± -f^s 

Shortly  after  the  results  of  Johnson  and  Allen  appeared 
a  new  series  of  estimations  was  published  by  Bunsen.*  His 
cassium  chloride  was  purified  by  repeated  crystalhzations  of 
the  chlorop  latin  ate,  and  the  ordinary  gravimetric  process 
was  employed.  The  following  results  represent,  respectively, 
materia!  thrice,  four  times,  and  five  times  purified  : 


.3835  grm.  CsCl  gave 

1. 1781  grm.  AgCl. 

Ratio. 

I ■7.435 

.368. 

1.1644 

l'7.i03 

.2478 

1.0623 

1.7.4&2 

Mean,   117.467,  ±  .013 

Godefi'roy's  workf  was,  in  its  details  of  manipulation,  suf- 
ficiently described  under  rubidium.  In  three  of  the  experi- 
ments upon  csesium  the  silver  chloride  was  washed  by 
decantation,  and  in  one  it  was  collected  upon  a  filter.  The 
s  are  subjoined : 

1.5825  grm.  CsCl  gave  1.351    grm.  AgCl.     Ratio,  117.135 
1.3487  "  1.1501  "  117.265 


We  may  now  combine  the  three  series  to  form  a  general 
mean: 


*  Po^end.  Aunal.,  ng,  r,     1863 
t  Ann.  Chem.  Pharai.,  181,  185. 
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Johnson  and  Allen 117-499.  ±  -O^S  Cs  =  132.706 

Bunseii - 1 17,467- ± 'O'S         "  =132-661 

Godeffroy -   1 17. 164,  ±  .023         "=133.227 

General  mean 117-413.  ±  -01° 

Hence  Cs  =  132.583,  ±  .024 ;  or,  if  0  =  16,  Cs  =  132.918. 


THALLIUM. 

The  atomic  weight  of  this  interesting  metal  has  been 
fixed  by  the  researclies  of  Lamy,  Werther,  Hebbtjrling,  and 
Crookes.  Lamy  and  Hebberling  investigated  the  chloride 
and  sulphate ;  Werther  studied  the  iodide ;  Crooke's  experi- 
ments involved  the  synthesis  of  the  nitrate.  The  last  men- 
tioned work  was  so  thorough  and  admirable  that  the  other 
researches  are  included  here  only  for  the  sake  of  historical 


Lamy*  gives  the  results  of  one  analysis  of  thallium 
sulphate  and  three  of  thallium  chloride.  3.423  grammes 
TljSO^  gave  1.578  grm.  BaS04 ;  whence  100  parts  of  the 
latter  are  equivalent  to  216.920  of  the  former.  In  the  thal- 
lium chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I 
give  the  amount  of  TlCl  proportional  to  100  parts  of  AgCl: 

3.912  j.nn.  TICI  gave  2.346    g™-  AgCl.  166.752 

3.000  "  1. 8015  "  166.528 

3.912  ■•  2.336  '■  167.466 


Hebberling'sf  work  resembles  that  of  Lamy.  Reducing 
his  weighings  to  the  standards  adopted  above,  we  have  from 
his  sulphate  series,  as  equivalent  to  100  parts  of  BaS04,  the 
amounts  of  Tl.SO,  given  in  the  third  column: 

*  Zeit.  Ana],  Chem,,  2,  21 1.      1863. 
+  Ann.  Chem.  Phann.,  134,  11.      1865. 
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4195  grm.  TljSO.  gave 


■''534  S""'  BaSO,. 

■5507 

■3957 


Including  Lamy's  single  result,  as  of  equal  weight,  wo  get 
a  mean  of  216.754.  ±  .1387. 

From  the  chloride  series  we  have  these  results,  with  the 
ratio  stated  as  usual : 


.2984  grm.  TiClgav 


,.  AgCl. 


166.611 
166.321 

Mean,  166.465,  ±  .097 


Lamy's  mean  was  166.915,  ±  .1905.  Both  means  com- 
bined give  a  general  mean  of  166.555,  zt  .0865. 

Werther's*  determinations  of  iodine  in  tliallium  iodide 
were  made  by  two  methods.  In  the  first  series  Til  was  de- 
composed by  zinc  and  potassium  hydroxide,  and  in  the 
filtrate  the  iodine  was  estimated  as  Agl,  One  hundred 
parts  of  Agl  correspond  to  the  amounts  of  Til  given  in  the 
last  column : 


.,  Til  gave 


■."Agl. 


HI. 176 
140.761 


In  the  second  series  the  thallium  iodide  was  « 
by  ammonia  in  presence  of  silver  nitrate,  and  the  resulting 
Agl  was  weighed.  Expressed  according  to  the  foregoing 
standard  the  results  are  as  follows : 

1.375  grm-  Til  gave     .97S  g™,  Agl.       Ratio,   140.593 


Mean,  140.635, 
General  mean  of  both  series,  140.648,  ±  .016, 

*  Jouni.  fiir  PrakC.  Chem.,  92,  128.      1864. 


.yGoogle 


THALLIUM.  95 

Fi-om  the  foregoing  results  three  values  for  the  atomic 
weight  of  thallium  are  calculable : 

From  the  sulphate.- — Tl  =  204.169,  ±  .166 

From  the  chloride "   =  203.879,  ±  .126 

From  the  iodide - "   =  203.886,  ±  .054 

In  1873  Crookes,*  the  discoverer  of  thallium,  published 
his  final  determination  of  its  atomic  weight.  His  method 
was  to  effect  the  synthesis  of  thallium  nitrate  from  weighed 
quantities  from  absolutely  pure  thallium.  No  precaution 
necessary  to  ensure  purity  of  materials  was  neglected ;  the 
balances  were  constructed  especially  for  the  research ;  the 
weights  were  accurately  tested  and  all  their  errors  ascer- 
tained ;  weighings  were  made  partly  in  air  and  partly  in 
vacuo,  but  all  were  reduced  to  absolute  standards ;  and  un- 
usually large  quantities  of  thallium  were  employed  in  each 
^experiment.  In  short,  no  effort  was  spared  to  attain  as 
nearly  as  possible  absolute  precision  of  results.  The  details 
of  the  investigation  are  too  voluminous,  however,  to  be  cited 
here ;  the  reader  who  wishes  to  become  familiar  with  them 
must  consult  the  original  memoir.  Suffice  it  to  say  that  the 
research  is  a  model  which  other  chemists  will  do  well  to 
copy. 

The  results  of  t«n  experiments  by  Professor  Crookes  may 
be  stated  as  follows.  In  a  final  column  we  may  state  the 
quantity  of  nitrate  producible  from  100  parts  of  thallium. 
The  weights  given  are  in  grains : 

Thatlhi-m.  TiNO,  +  Class-  Glass  Vessel-  Ratio. 

497.972995  '1121.851852  472.5S73'9  i3°-3875 

293.193507  1111.387014  729.082713  130-3930 

288562777  971.214142  594.949719  I30-392& 

324.963740  1142.569408  718.84907S  130.39™' 

183.790232  1005.779897  766.13383'  i3o.39>2 

.90.842532  997-334615  748.49'27>  "30.3920 

195.544324  1022. 1 76679  767.203451  ■30.3915 

201.816345  1013.480135  750,332401  130-3897 

295.683523  1153-947672  768.403621  130-3908 

299.203036  1 [59-870052  769,734201  '30-3917 

Mean,  130.391O,  ±  .00034 

*  Philosophical  Tran'^JCtions,  1873,  p.  277- 
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Hence,  using  the  atomic  weights  and  probable  errors 
previously  found  for  N  and  0,  Tl  =  203.715,  ±  .0365.  If 
O  =  16,  T!  =  204.183. 

Crookes  himself,  using  61.889  as  the  molecular  weight  of 
the  group  NO,,  gets  the  value  Tl  =  203.642;  the  lowest 
value  in  the  series  being  203.628,  and  the  highest  203.666 ; 
an  extreme  variation  of  0.038.  This  is  extraordinary  ac- 
curacy for  so  high  an  atomic  weight,  at  least  as  far  as 
Crookes'  work  is  concerned.  But  its  value  depends  in  reality 
upon  the  accuracy  of  other  chemists  in  fixing  the  atomic 
weights  of  N  and  0;  a  slight  variation  in  either  of  the 
latter  constants  producing  a  large  variation  here.  What 
Crookes  really  has  done  has  been  to  fix  with  almost  abso- 
lute certainty  the  ratio  between  Tl  and  NO3.  If  the  latter 
group  should  have  the  molecular  weight  62,  in  accordance 
with  Prout's  hypothesis,  then  Tl  =  204.008.  In  other 
words,  the  ratio  thus  fixed  by  Crookes  is  almost  exactly 
represented  by  two  whole  numbers,  and  supports  Prout's 
hj'pothesis  in  a  very  decided  way.  Crookes  himself  seems 
to  have  overlooked  this  feet,  for  he  regards  his  results  as 
militating  against  the  bypothesis  in  question. 


GLUCINUM. 


The  atomic  weight  of  glucinum  is  at  present  much  in 
doubt;  our  knowledge  of  it  depending  upon  the  unsettled 
question  whether  the  oxide  is  GIO  or  GI^Oj.  The  formula 
GIO  agrees  with  Mendeiejeff's  law,  and  is  advocated  by 
Reynolds,*  Ijothar  Meyer,t  and  Erauner.t  The  symbol 
6I2O3,  on  the  other  hand,  is  fevored  by  Nilson  and  Petters- 
son,||  and  by  Humpidge.§    Humpidge,  Meyer,  and  Brauner 

*  Phil.  Mag.,  (s,)  3,  3S.     1877.     Chera.  News,  42,  273,     1S80. 

tBer.  der  Deulsch.  Chem.  Gesell,,  13,  17S0.     1880.     Also,  n,  576.     1879. 

tPhil.  Mag.,  (5,)  II.     Jan.,  1881. 

IIBerichte,  II,  381  and9o6.      1879.      .\lso,  13,  2035.      18S0. 

§Chem.  News,42,26l.      1880. 
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otter  only  theoretical  discussions  of  the  subject ;  Reynolds 
iind  Nilson  and  Pettersson  have  determined  the  specific 
heat  of  the  metal,  but  give  opposed  results.  In  the  follow- 
ing calculations  the  simpler  formula  will  be  assumed,  not  as 
a  finality,  but  because  of  its  accordance  with  the  system  of 
Mendelejeff. 

The  data  from  which  we  are  to  calculate  the  atomic 
weight  of  glueinum  have  been  determined  by  Awdejew, 
Weeren,  Klatzo,  Debray,  and  Nilson  and  Pettersson.  Ber- 
zelius'*  single  experiment  on  the  sulphate  may  be  left  out 
of  account. 

Awdejew, t  whose  determination  was  the  earliest  of  any 
value,  analyzed  the  sulphate.  The  sulphuric  acid  was 
thrown  down  as  barium  sulphate ;  and  in  the  filtrate,  from 
which  the  excess  of  barium  had  been  first  removed,  the 
glucina  was  precipitated  by  ammonia.  The  figures  which 
Awdejew  publishes  represent  the  ratio  between  SO3  and 
GIO,  but  not  absolute  weights.  As,  however,  his  calcula- 
tions were  made  with  SO3  =  501.165,  and  Ba  probably  = 
855.29,  we  may  add  a  third  column  showing  how  much 
BaSO^  is  proportional  to  100  parts  of  GIO : 


1420 

927.304 

2480 

915-903 

406s 

920.814 

The  same  method  was  followed  by  Weeren  and  by  Klatzo, 
except  that  Weeren  used  ammonium  sulphide  instead  of 
ammonia  for  the  precipitation  of  the  glucina.  WeerenJ 
gives  the  following  weights  of  GIO  and  BaSO,.  The  ratio 
is  given  in  a  third  column,  just  as  with  the  figures  by 
Awdejew : 


*  Po^end.  Anna],,  8,  I. 
t  "  56,  106. 
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GIO. 

BaSO^. 

Ratio. 

.3163  griD, 

2.9332  grm. 

927-031 

.2872    ■• 

2.6377    " 

yi8.4!9 

-2954    ■■ 

2.7342    ■' 

925.592 

.5=K4   ■■ 

4-8823     " 

902.946 

i  as  follows,  with  the  third   colurt 


Klatzo's*  figures  a 
added  by  the  writer  : 


Combining  these  series  into  a  general  mean,  we  get  the 
subjoined  result ; 


-  92'-3i6.  ±  ' 

-  918,497,  d-  3 
,  923.2S1,  ^  1 


0.9S5 


Hence  GIO  =  25.224,  ±  .269. 

Debrayt  analyzed  a  double  oxalate  of  glucinum  and  am- 
monium, Gl(NHi)„C,Oa.  In  this  the  glucina  was  estimated 
by  calcination,  after  first  converting  the  salt  into  nitrate. 
The  following  percentages  were  found : 


Mean,  11.433,  -^  .081 

The  carbon  was  estimated  by  an  organic  combustion.  I 
give  the  weights,  and  put  in  a  third  column  the  percentages 
of  CO  J  thus  obtained ; 

.    1M69. 
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Calculating  the  ratio  between  CO;  and  GIO,  we  have  for 
the  molecular  weight  of  the  latter,  GIO  =  25.220,  ±  .180. 
The  agreement  between  this  result  and  the  one  previously 
deduced  from  the  sulphate  is  certainly  very  striking. 

Last  of  all  and  best  of  all  we  come  to  the  determinations 
recently  published  by  Nilson  and  Pettersson.*  These  chem- 
ists sought  to  use  the  sublimed  chloride  of  glucinum,  but 
found  it  to  contain  traces  of  lime  derived  from  a  glass  tube. 
They  finally  resorted  to  the  sulphate  as  the  most  available 
salt  for  their  purposes.  This,  which  they  write  Gl2{S04)3 
121-IjO,  and  which  we  formulate  as  GISO(.4HjO,  yields  pure 
glucina  upon  strong  ignition.  The  subjoined  percentages 
of  glucina  were  thus  obtained ; 


Mean,   14.169,   =b  .0023 

Hence  GIO  =  25.048,  and  Gl  =  9.085,  ±  .0055.  If  0  = 
16,  Gl  ^  9.106.     If  SO,  =  80,  then  Gl  =  9.096. 

If  the  oxide  is  GljO^.then  the  value  Gl  =  9.085,  ±  .0065 
becomes  Gl  =  13.628,  ±  .0082. 

It  would  be  easy  enough  to  combine  this  value  for  Gl 
with  those  derived  from  the  experiments  of  the  investi- 
gators previously  cited,  but  it  is  hardly  worth  while.  All 
the  other  estimations  have  such  high  probable  errors  that 
they  would  practically  vanish  from  the  general  mean. 
Their  influence  would  hardly  extend  to  the  third  decimal 
place,  and  they  may  therefore  be  neglected. 

*Coinpt.  ReiicL,  91,  16S.      1880. 
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MAGNESIUM. 


There  is  perhaps  no  common  metal  of  which  the  atomic 
weight  has  been  subjected  to  closer  scrutiny  than  that  of 
magnesium.  The  value  is  low,  and  its  determination  should, 
therefore,  be  relativelj'  free  from  many  of  the  ordinary 
sources  of  error ;  it  is  extensively  applied  in  chemical  anal- 
ysis, and  ought  consequently  to  be  accurately  ascertained. 
Strange  discrepancies,  however,  exist  between  the  results 
obtained  by  different  investigators ;  so  that  the  generally 
accepted  iigure  cannot  be  regarded  as  absolutely  free  from 
doubt. 

The  determinations  of  Berzelius*  and  other  early  chemists 
need  not  be  here  considered.  Nor  does  the  estimation  made 
by  Macdonnellf  deserve  more  than  a  passing  mention.  lie 
puts  the  atomic  weight  of  magnesium  at  23.9,  but  gives  no 
details  concerning  his  method  of  determination.  The  re- 
searches which  we  have  to  consider  are  those  of  Scheerer, 
Svanberg  and  Nordenfeldt,  Jacquelain,  Bahr,  Marchand  and 
Scheerer,  and  Dumas. 

Scheerer's  method  of  investigation  was  exceedingly  sim- 
ple.! He  merely  estimated  the  sulphuric  acid  in  anhydrous 
magnesium  sulphate,  employing  the  usual  process  of  pre- 
cipitation as  barium  sulphate.  He  gives  no  weighings,  but 
reports  the  percentages  of  SO3  thus  found.  In  his  calcula- 
tions, O  =  100,  SO,  ^  500,75,  and  EaO  =  955.29.  It  is 
easy,  therefore,  to  recalculate  the  figures  which  he  gives,  so 
as  to  establish  what  his  method  really  represents,  viz.,  the 
ratio  between  the  sulphates  of  barium  and  magnesium. 

Thus  revised,  his  four  analyses  show  that  100  parts  of 
MgSOj  yield  the  following  quantities  of  BaSO, : 


*  Lehrbueh,  5  AuH.,  Bd.  3,  s.  1227. 
-[■British  Association  Report,  1852.  part  2 
J  Poggend.  Aiinal,,  69,  535.      1846. 
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'  cent.  SO,. 


193.575  ^^-573 

193.677  66.608 

193.767  66.639 

193.631  66.592 

Mean,   193,6625,  ±  .0274 

Hence,  using  the  atomic  weights  deduced  in  previous 
chapters  for  Ba,  S,  and  O,  Mg  =  24.544,  ±  .0311.  In  a  sub- 
sequent note*  Scheerer  shows  that  the  barium  sulphate  of 
the  foregoing  experiments  carried  down  mth  it  magnesium 
salts  in  such  quantity  as  to  make  the  atomic  weight  of  mag- 
nesium 0.39  too  low.    Corrected,  Mg  becomes  =  24.545. 

The  work  of  Bahr,  of  Jacquelain,  and  in  part  that  of 
Svanbei^  and  Nordenfeldt,  also  relates  to  the  composition 
of  magnesium  sulphate.  Jacquelain's  experiments  were  as 
follows.t  Dry  magnesium  sulphate  was  prepared  by  mix- 
ing the  ordinary  hydrous  salt  to  a  paste  with  sulphuric  acid, 
and  calcining  the  mass  in  a  platinum  crucible  over  a  spirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction. 
This  dry  sulphate  was  weighed  and  intensely  ignited  three 
successive  times.  The  weight  of  the  residual  MgO  having 
been  determined,  it  was  moistened  with  sulphuric  acid  and 
recaleined  over  a  spirit  lamp,  thus  reproducing  the  original 
weight  of  MgSO^.  Jacquelain's  weighings  for  these  two 
experiments  show  that  100  parts  of  MgO  correspond  to  the 
quantities  of  MgSO^  given  in  the  last  column : 

1.466  em..  MsSOj  gave    .492  grai.  MgO.  397.(j6S 

.492    "      MgO       "      1.466    "      MgSO,.  297.968 

Jacquelain  also  made  one  estimation  of  sulphuric  acid  in 
the  foregoing  sulphate  as  BaSOj.  His  result,  (1.464  grm. 
MgSO^  =  2.838  grm.  BaSO,,)  reduced  to  the  standard 
adopted  in  dealing  with  Scheerer's  experiments,  give  for  100 
parts  of  MgSOj,  193.852  BaSO..  If  this  figure  be  given 
equal  weight  with  a  single  experiment  in  Scheerer's  series, 
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and  combined  with  the  latter,  the  mean  wUl  be  193.700,  ±: 
.0331.  From  this  the  atomic  weight  of  magnesium  becomes 
24.244,  r±  .033.  This  again,  corrected  according  to  Scheerer 
for  the  magnesium  salts  carried  down  by  the  barium  sul- 
phate, becomes  0.39  higher,  or  Mg  =  24.283.  Of  course 
this  correction,  determined  by  Scheerer  for  a  single  experi- 
ment, can  only  be  a  rough  approximation  in  a  mean  like 
the  foregoing.  It  is  better  than  no  correction  at  all,  the 
character  of  the  error  involved  being  known. 

Bahr's*  work  resembles  in  part  that  of  Jacquelain.  This 
chemist  converted  pure  magnesium  oxide  into  sulphate,  and 
from  the  increase  in  weight  determined  the  composition  of 
the  latter  salt.  From  his  weighings  100  parts  of  MgO  ec^ua! 
the  amounts  of  MgSOj  given  in  the  third  column : 

1.6938  grm.  MgO  gave  5.0157  grm.  MgS04.        296.122 
2.0459  "  6,0648  "  296.437 

1.0784  ■■  3"925  "  296.040 

Mean,  296.200,  ±  .0815 

About  four  years  previous  to  the  investigations  of  Bahr 
the  paper  of  Svauberg  and  Nordenfeldtf  appeared.  These 
chemists  started  with  the  oxalate  of  magnesium,  which  was 
dried  at  a  temperature  of  from  100°  to  105°  until  it  no 
longer  lost  weight.  The  salt  then  contained  two  molecules 
of  water,  and  upon  strong  ignition  it  left  a  residue  of  MgO. 


7-2634  g 

6.3795 

6-3653 


Mean,  27.3665,   ±  .0023 

In  three  of  these  experiments  the  MgO  was  treated  with 
H  J  SO  J,  and  converted,  as  by  Jacquelain  and  by  Bahr  in 
their  later  researches,  into  MgSO^.  One  hundred  parts  of 
MgO  gave  of  MgSOj  as  follows ; 

*Joura.  fur  Prakt.  Chem.,  56,  310.      1852. 
f  Joum.  fur  Praki.  Chem.,  45,  473.      1848. 


in  the  oxalate 

comes  out  as  follows : 

L.9872  grm.  oxide. 

27-359  per  cent. 

1,7464 

27-375 

r.7418         - 

27.364       ■' 

1.7027 

27.368       '■ 
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1.9872  grm.  MgO  gave  5.8995  e™i-  MgSOj.       296.875 
1.7464  "  5.1783  "  296.513 

1. 7418  "  5.1666  "  296.624 

Mean,  296.671,  ±  .072 

We  have  now  for  this  ratio  between  MgO  and  MgSO, 
three  series;  not  at  all  concordant.  We  may  combine  them, 
assigning  to  each  of  Jacquelain's  two  results  a  weight  cor- 
responding to  one  of  Bahr's : 

Jacquelain 297.968,  ^  .0999 

Bahr 296.200,  ±  .0S15 

Svanberg  and  Nordenfeltlt 296.671,  ±  .072 

General  mean 296.80G,  ±  .0475 

In  1850  the  elaborate  investigations  of  Marchand  and 
Scheerer*  appeared.  These  chemists  undertook  to  deter- 
mine the  composition  of  some  natural  magnesites,  and,  by 
applying  corrections  for  impurities,  to  deduce  from  their 
results  the  sought  for  atomic  weight.  The  magnesite  chosen 
for  the  investigation  was,  first,  a  yellow,  transparent  variety 
from  Snarum ;  second,  a  white  opaque  mineral  from  the 
same  locality ;  and,  third,  a  very  pure  quality  from  Frank- 
enstein. In  each  case  the  impurities  were  carefully  deter- 
mined ;  but  only  a  part  of  the  details  need  be  cited  here. 
Silica  was  of  course  easily  corrected  for  by  simple  subtrac- 
tion from  the  sum  of  all  of  the  constituents ;  but  iron  and 
calcium,  when  found,  having  been  present  in  the  mineral  as 
carbonates,  required  the  assignment  to  them  of  a  portion  of 
the  carbonic  acid.  In  the  atomic  weight  determinations 
the  mineral  was  first  dried  at  300°.  The  loss  in  weight 
upon  ignition  was  then  carbon  dioxide.  It  was  found,  how- 
ever, that  even  here  a  correction  was  necessary.  Magnesite, 
upon  drying  at  300°,  loses  a  trace  of  COj,  and  still  retains  a 
little  water ;  on  the  other  hand,  a  minute  quantity  of  CO^ 
remains  even  after  ignition.  The  COj  expelled  at  300° 
amounted  in  one  experiment  to  .054  per  cent. ;  that  retained 
after  calcination  to  .055  per  cent.    Both  errors  tend  in  the 

*Jourii.  mr  Prakt.  Cheiii.,50,  385. 
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same  direction,  and  increase  the  apparent  percentage  of 
MgO  in  the  niagne9ite.  On  the  yellow  mineral  from  Snarum 
the  crude  results  are  as  follows,  giving  percentages  of  MgO, 
FeO,  and  CG^  after  eliminating  silica: 


MgO. 

P^O. 

47.3278 

■llH 

47-3393 

.7809 

47.3154 

.8112 

47-3373 

-7753 

After  applying  corrections  for  loss  and  retention  of  CO^, 
^  previously  indicated,  the  mean  results  of  the  foregoing 
eries  become— 


The  ratio  between  the  MgO  and  the  COj,  after  correcting 
for  the  iron,  will  be  considered  further  on. 

Of  the  white  magnesite  from  Snarum  but  a  single  anal- 
ysis was  made,  which,  for  present  purposes  may  be  ignored. 
Concerning  the  Frankenstein  mineral  three  series  of  anal- 
yses were  executed.  In  the  first  series  the  following  results 
were  obtained : 

t.  MgO. 


8.996  Erm.  CO, 

=  8.2245  gnn-  MgO. 

47.760  per 

7.960 

7.277s 

47,761 

9-3365 

8.529 

47. 767 

Mean,  . 


.766.   - 


This  mean,  corrected  for  loss  of  CO,  in  drying, 
7.{iSl.     I  give  series  second  with  corrections  applied: 

.  MgO.      47.658  pet 
47.628 
.7375       '■       4.63s     "         47-599 


32- 


.4148 


COj  gave  3 

2500  grm. 

5 

3849 

4 

63s 

5 

9033 

'5 

453 

18 

5366 

12 

6445           ■ 

47.650 
47.674 
47,663 
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The  third  series  was  made  upon  very  pure  material,  so 

that  the  corrections,  although  applied,  were  less  influential. 
The  results  were  as  follows : 


4.2913  era 

1.  MgCO,gav, 

;  2.0436 

grm. 

MyO. 

47.622  percent. 

27.82S6 

" 

'3-2539 

47.627 

14.6192 

" 

6.9692 

47.672        " 

18.3085 

8.7237 

Meai 

47.648        " 
1,  47-642,  ±  .0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown 
that  an  important  correction  to  the  foregoing  data  had  been 
■overlooked.  Scheerer,  re-examining  the  magnesites  in  ques- 
tion, discovered  in  them  traces  of  lime,  which  had  escaped 
notice  in  the  original  analyses.  With  this  correction  the 
two  magnesites  in  question  exhibit  the  following  mean 
composition : 

COj- 52-13'  52-338 

MgO   -_ 46.663  47-437 

CaO  - -430  -225 


Correcting  for  lime  and  iron,  by  assigning  each  its  share 
of  CO2,  the  Snarum  magnesite  gives  as  the  true  percentage 
of  magnesia  in  pure  magnesium  carbonate,  the  figure  47.624. 
To  this,  without  serious  mistake,  we  may  assign  the  weight 
indicated  by  the  probable  error,  ±  .0037 ;  the  quantity  pre- 
viously deduced  from  the  percentages  of  MgO  given  in  the 
uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the 
final  mean  percentage  of  MgO  in  MgCOg  becomes  47.628. 
This,  however,  represents  three  series  of  analyses,  whose 
combined  probable  errors  may  be  properly  assigned  to  it. 
The  combination  is  as  follows : 

^Aiiii.  ■!.  Chem.  und  Pliarm.,  110,240. 
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:  .0077 


Result,  ±z  .0020,  probable  error  of  the  general  mean. 
We  may  now  combine  the  results  obtained  from  both 


General  mean "  47.627,^.0018 

The  last  investigation  upon  the  atomic  weight  of  magne- 
sium which  we  have  to  consider  is  that  of  Dumas.*  Pure 
magnesium  chloride  was  placed  in  a  boat  of  platinum,  and 
ignited  in  a  stream  of  dry  hydrochloric  acid  gas.  The 
excess  of  the  latter  having  been  expelled  by  a  current  of  dry 
carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed 
in  a  closed  vessel  and  weighed  therein.  After  weighing,  the 
chloride  was  dissolved  and  titrated  in  the  usual  manner 
with  a  solution  containing  a  known  quantity  of  pure  silver. 
The  weighings  which  Dumas  reports  give,  as  proportional  to 
100  parts  of  silver,  the  quantities  of  Mg(.'l,  stated  in  the 
third  column : 


2.203   g™. 

MgCl„  --  --  4.964  s^ 

^.  Ag. 

44.380 

2.5215 

5-678 

44-408 

2-363 

5-325 

44-37S 

3-994 

9.012 

44-3'9 

2.57S 

5-834 

44- 'S9 

Z.872 

6.502 

■' 

44.171 

2.080 

4.710 

44.161 

2.214 

5.003 

■' 

44,262 

2.086 

4-72-! 

44.176 

1.683 

3.823 

44-154 

1.342 

3.031 

44.276 

Meai 

1,  44.261.  zt  .020 

There  are  now  before  us  the  following 

ratios,  from  which 

to  deduce  the  sought-for  atomic  weight : 

1,  Chem.  Pliarin., 
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(I.)  MgSO,  :  BaSO,  :  :  100  ;  193-700-  ±  ■°33^ 

(2.)  MgO  ;  MgSO,  : :  loo  :  296.806,  ±  .0475 

(3.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  ±  .0023 

(4,)  Per  cent,  of  MgO  in  carbonate,  47-^27,  ±  .0018 

(5.)  Ag:  MgCl^::  lOO:  44.261,  ±  .020 

From  tliese  we  find  three  values  for  the  molecular  weight 
of  MgO : 

From  (2)__ MgO  =  40.587.=:  0126 

From  (3) - "      =  40-^3.  ±  ■°°^9 

From  (4) —     "      =  39.922.  ±  -O^SO 

General  mean "      =40.054,  ±  .0027 

We  have  also  three  values  for  tho  atomic  weight  of  mag- 
nesium: 

From  molecular  weight  of  MgO Mg  =  24-091.  ±  -0044 

From  ratio  (l,)  corrected "    =  24-283.  i=  -033 

From  ratio  (5.)  Dumas  ..-- "    =  24-57&.  ±  -032 

General  mean. _ —  "    =  24-'03.  ± -0043 


Or,  if  0  =  16,  Mg  becomes  =  24.159. 

In  this  general  mean  all  the  determinations  are  included, 
good  or  bad.  Dumas'  result  is  unquestionably  wrong ;  the 
error,  prohably,  being  due  to  the  presence  of  oxychloride  in 
the  MgClj  which  was  used.  It  is  doubtful  whether  any 
precautions  could  have  eliminated  that  error.  If  we  take 
only  Marchand  and  Scheerer's  work  on  magnesium  carbon- 
ate as  having  positive  value,  we  shall  get  from  their  analy- 
ses the  following  result,  viz:  Mg  =-  23.959,  ±  .0046.  Or, 
if  O  =  16,  this  becomes  24.014.  The  atomic  weight  of  mag- 
nesium, therefore,  varies  from  the  whole  number  24,  only 
within  the  ordinary  hmits  of  experimental  error. 
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ZINC. 


The  several  determinations  of  the  atomic  weight  of  zinc 
are  by  no  means  closely  concordant.  The  results  obtained 
by  Gay-Lussac*  and  Berzeliusf  were  undoubtedly  too  low, 
and  may  be  disregarded  here.  We  need  consider  only  the 
work  done  by  Jacquelain,  Fa'^'re,  and  Axel  Erdmann. 

In  1842  Jacquelain  published  the  results  of  his  investiga- 
tions upon  this  important  constant-J  In  two  experiments  a 
weighed  q_uantity  of  zinc  was  converted  into  nitrate,  and 
that,  by  ignition  in  a  platinum  crucible  was  reduced  to  oxide. 
In  two  other  experiments  sulphuric  acid  took  the  place  of 
nitric.  As  the  zinc  contained  small  quantities  of  lead  and 
iron,  these  were  estimated,  and  the  necessary  corrections  ap- 
plied. From  the  weights  of  metal  and  oxide  given  by 
Jacquelain  the  percentages  have  been  calculated : 


9.917  grm 

.  Zii  gave 

12,3138  grm.  ZnO. 

80. 536  per  ( 

9.K09 

13.1800 

Sulphuric  Series 

SO.S34 

2.39« 

2.978  grm.  ZnO. 

80,524 

3-197 

3.968 

80,570 

Mean  of 

all  foil 

1-,  80.541.  ± 

3nce  Zn 

=  66.072,  ±  .028. 

The  method  adopted  by  Axel  Erdmann  ||  is  essentially  the 
same  as  that  of  Jacquelain,  but  varies  from  the  latter  in  cer- 
tain important  details.  First,  pure'  zinc  oxide  was  prepared, 
ignit«d  in  a  covered  crucible  with'  sugar,  and  then,  to  com- 
plete the  reduction,  ignited  in  a  porcelain  tube  in  a  current 
of  hydrogen.  The  pure  zinc  thus  obtained  was  converted 
into  oxide  by  means  of  treatment  with  nitric  acid  and  sub- 


*  Mfmoire  d'ArceuIi,  2,  i; 
t  Gilb.  Annal.,  37,  460, 
\  Compt.  Rend.,  14,  636. 
II  Poggend.  Annal.,62,  61 
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sequent  ignition  in  a  porcelain  crucible.     Erdmann's  figu 
give  us  the  following  percentages  of  metal  in  the  oxide : 

80.247 

80.257 

80.263 

80.274 


:  .0037 


Hence  Zn  =  64.9045,  ±  .019. 


If  we  combine  the  results  of  Jacquelain  with  those  of  Erd- 
mann,  we  get  a  mean  percentage  of  zinc,  80.324,  ±  .0032 ; 
and  an  atomic  weight  of  Zn  =  05.168,  ±  .018.  The  reason 
for  the  discordance  between  the  two  experimenters  will  be 
considered  further  along. 

Favre*  employed  two  methods  of  investigation.  First, 
zinc  was  dissolved  in  sulphuric  acid,  the  hydrogen  evolved 
was  burned,  and  the  weight  of  water  thus  formed  was  de- 
termined. To  his  weighings  I  append  the  ratio  between 
metallic  zinc  and  100  parts  of  water : 

25.389  grm.  Zn  gave  6.928  gim.  HjO.  366.469 

30.369  "  8.297  "  366.  oa4 

31.776  "  8.671  "  366.463 

Mean,  366,319,  ±  .088 
Hence  Zn  =  65.803,  i  .020. 

The  second  method  adopted  by  Favre  was  to  burn  pure 
zinc  oxalate,  and  to  weigh  the  oxide  and  carbonic  acid  thus 
produced.  From  the  ratio  between  these  two  sets  of  weights 
the  atomic  weight  of  zinc  is  easily  deducible.  From  Favre's 
weighings,  if  COj  =  100,  ZnO  will  be  as  given  in  the  third 
column  below : 

7.796  grni.  ZiiO=  8.365  grm,  CO..  93'98 

7.342        "        7.883      ■■  93.137 

5.2065       ■'        5.5S8      "  93-173 

Mu.in,  93-169,  ±  .012 

Hence  Zn  =  65.8395,  ±  .022. 
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A  fourth  combustion  of  the  oxalate  is  omitted  from  the 
above  series,  having  been  rejected  by  Favre  himself.  In  this 
the  oxide  formed  was  contaminated  by  traces  of  sulphide. 

The  four  values  for  zinc  now  before  us  are  so  discordant 
that  a  combination  of  them  after  the  usual  method  can  have 
only  a  trifling  significance.  The  following  is  the  result  thus 
obtained: 

From  Jacquelain's  figures Zn  =■  66.072,     ±  .028 

From  Favre's  oxalate  series__,  "   ==  65.8395,  =fc  .032 
From  Erdmann'5  figures "    =-.  64.9045,  i;  .019 


General  mean "    =65,557,     ±.011 

It  will  be  seen  that  three  of  these  values  agree  tolerably 
well,  placing  the  atomic  weight  of  zinc  in  the  neighborhood 
of  66,  while  the  other  is,  in  round  numbers,  about  a  unit 
lower.  This  lower  figure,  however,  has  the  smallest  proba- 
ble error,  and  it  will  be  found  also,  upon  careful  considera- 
tion, that  it  is  less  likely  than  the  others  to  be  vitiated  by 
experimental  inaccuracies.  Both  chemically  and  mathe- 
matically it  is  the  best. 

Upon  comparing  Erdmann's  results  with  those  of  Jacque- 
lain  two  points  are  worth  noticing:  first,  Erdmann  worked 
with  purer  material  than  Jacquelain,  although  the  latter 
applied  corrections  for  the  impurities  which  he  knew  were 
present;  secondly,  Erdmann  calcined  his  zinc  nitrate  in  a 
porcelain  crucible,  while  Jacquelain  used  platinum.'  In  the 
latter  case  it  has  been  shown  that  portions  of  zinc  may  be- 
come reduced  and  alloy  themselves  with  the  platinum  of 
the  crucible.  Hence  a  lower  weight  of  oxide  from  a  given 
quantity  of  zinc,  a  higher  percentage  of  metal,  and  an  in- 
creased atomic  weight.  This  source  of  constant  error  has 
undoubtedly  affected  Jacquelain's  experiments,  and  vitiated 
his  results.  In  Erdmann's  work  no  such  errors  seem  to  be 
present. 

Over  Favre's  experiments  Erdmann's  have  the  important 
merit  of  simplicity.  In  the  latter  it  is  difficult  to  detect 
sources  of  error ;  in  the  former  it  is  easy.     In  Favre's  water 
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series  it  was  essential  that  the  hydrogen  should  first  be 
thoroughly  dried  before  combustion,  and  then  that  every 
trace  of  water  formed  should  be  collected.  A  trivial  loss  of 
hydrogen  or  of  water  would  tend  to  increase  the  apparent 
atomic  weight  of  zinc. 

In  the  combustion  of  the  zinc  oxalat-e  equally  great  diffi- 
culties are  encountered.  Here  a  variety  of  errors  are  possi- 
ble, such  as  are  due,  for  example,  to  impurity  of  material, 
to  imperfect  drying  of  the  carbon  dioxide,  and  to  incomplete 
collection  of  the  latter.  It  may  not  be  easy  to  prove  that 
such  errors  actually  did  creep  into  Favre's  work,  and  yet 
their  possibility  hinders  us  from  absolutely  accepting  his 
results. 

All  things  considered,  then,  Erdmann's  determination  of 
the  atomic  weight  of  zinc  is  the  one  most  entitled  to  credit, 
and  must  be  taken  for  the  present  in  lieu  of  {he  general 
mean  deduced  from  all  four  of  the  values.  This  determina- 
tion, Zn  =  64.9045,  ±  .019,  becomes,  if  0  =-  16,  65.054, 


CADMIUM. 

The  earliest  determination  of  the  atomic  weight  of  this 
metal  was  by  Stromeyer,  who  found  that  100  parts  of  cad- 
mium united  with  14.352  of  oxygen.*  With  our  value 
for  the  atomic  weight  of  oxygen  these  figures  make  Cd  — 
111.227.    This  result  has  now  only  a  historical  interest. 

The  more  modern  estimates  of  the  atomic  weight  of  cad- 
mium are  four  in  number,  by  v.  Hauer,  Lenssen,  Dumas, 
and  Huntington.  Of  these  that  by  v.  Hauer  f  comes  first 
in  chronological  order.  He  heated  pure  anhydrous  cad- 
mium sulphate  in  a  stream  of  dry  hydrogen  sulphide,  and 
weighed  the  cadmium  sulphide  thus  obtained.     Ilis  results 

*  Sec  Berz.  Lehrbucli,  5tli  Ed.,  3,  1219. 
f  Joiim.  fur  Prakt.  Cliem..  72,  350.      1857. 
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were  as-  follows,  with  the  percentage  of  CdS  in  CdSO^  there- 
from deduced: 


7650  grm.  CdSO.  gave  5 

3741  grm.  CdS. 

69.209  p 

6086 

5746 

69.222 

3821 

iri7 

69.245 

8377 

7336 

69.22S 

1956 

6736 

69-227 

6039 

2634    " 

69.220 

1415 

943J 

69.217 

8z45 

033s 

69.251 

8462 

74' S 

69.257 

-Mean,  69.231,  ±  .0042 

Lenssen*  worked  upon  pure  cadmium  oxalate,  handling, 
however,  only  small  quantities  of  material.  This  salt,  upon 
ignition,  leaves  the  following  percentages  of  oxide : 

.5128  gnn.  oxalate  gave  .3281  grm.  CdO. 

■6552       "       -4193 

.4017       "       .2573 


Dumas  t  dissolved  pure  cadmium  in  hydrochloric  acid, 
evaporated  the  solution  to  dryness,  and  fused  the  residue  in 
hydrochloric  acid  gas.  The  cadmium  chloride  thus  ob- 
tained was  dissolved  in  water  and  titrated  with  a  solution 
of  silver  after  the  usual  manner.  From  Dumas'  weighings 
I  calculate  the  ratio  between  CdCl^  and  100  parts  of  silver ; 
2-3^9  S""-  CdClj  =   2.791  grm.  Ag.  84. 

84. 
S03 


Latest  of  all  comes  Huntington's  J  work,  done  under  the 
direction  of  Professor  J.  P.  Cooke.     Bromide  of  cadmium 

*  Joiirn.  fur  Prakl.  Chem.,  79,  281.     i860, 
t  Ann,  Chem.  Phann.,  1I3,  27.      l86o. 
+  Proc.  Am^r.  Arad.,  18S1. 
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was  prepared  by  dissolving  the  carbonate  in  hydrobromie 
acid,  and  the  product,  dried  at  200°,  was  purified  by  sub- 
limation in  a  porcelain  tube.  Upon  the  compound  thus 
obtained  two  series  of  experiments  were  made. 

In  one  series  the  bromide  was  dissolved  in  water,  and  a 
quantity  of  silver  not  quite  sufficient  for  complete  precipi- 
tation of  the  bromine  was  then  added  in  nitric  acid  solu- 
tion. After  the  precipitate  had  settled,  the  supernatant 
liquid  was  titrated  with  a  standard  solution  of  silver  con- 
taining one  gramme  to  the  litre.  The  precipitate  was 
washed  by  decantation,  collected  by  reverse  filtration,  and 
weighed.  To  the  weighings  I  append  the  ratio  between 
CdBrj  and  100  parts  of  silver  bromide : 

.  AglSr. 


5592  grin.  CdBij  gav 

62.1529 

745^ 

5- '724 

4267 

3-35" 

6645 

5-0590 

7679 

5.20.6 

793S 

38583 

9225 

2.6552 

4473 

4-7593 

Ratio 

72.433 

72.415 

72.415 

72435 

72.437 

72.410 

72.405 

72.433 

Mean 

73.4216 

The  second  series  was  like  the  first,  except  that  the  weight 
of  silver  needed  to  effect  precipitation  was  noted,  instead  of 
the  weight  of  silver  bromide  formed.  In  the  experiments 
marked  with  an  asterisk,  both  the  amount  of  silver  required 
and  the  amount  of  silver  bromide  thrown  down  were  deter- 
mined in  one  set  of  weighings.  The  third  column  gives  the 
CdBrj  proportional  to  100  parts  of  silver  : 


7456  gnu.  CdBr,  ^  2 

9715  g™. 

0270               ■'               3 

9874 

6645                •'               2 

9073 

7679                "                2 

9888 

9225                "                I 

5248 

9101                ■■               2 

3079 

6510               "                2 
9782                '■                3 

S951           ■' 

'SSI 

Ag. 


126,051 
12S.072 
126.045 
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From  the  first  series CdBr^  =  271.498,  zb  .032 

From  the  second  series..     "      =271.505,  ±  .027 

General  mean "      =  271.503,  ±  .0215 

Hence  Cd  ^  111.9G6,  i  .043. 

According  to  Huntington's  own  calculations  these  experi- 
ments fix  the  ratio  between  silver,  bromine,  and  cadmium 
as  Ag  :  Br  :  Cd  :  :  108  :  80  :  112,31,  This  result  militates 
strongly  against  Prout's  hypothesis. 

Upon  combining  all  the  determinations  we  get  the  follow- 
ing result : 

V,  Hauer_ Cd  =  ill. 684,  zt  -040 

Lenssen "   =  lit. 803,  zh  .062 

Dumas "   =  111.969,  i  .065 

Huntington "    ~  III. 966,  zfc  .040 

General  mean. "   =  111.835,  ±  •°^'i 

Or,  if  0  ^  16,  then  Cd  =  112.092. 

It  will  be  seen  that  Dumas  and  Huntington's  determina- 
tions, both  made  with  haloid  salts  of  cadmium,  agree  with 
wonderful  closeness,  and  so  confirm  each  other.  On  the 
other  hand,  v.  Hauer's  data  give  a  value  for  the  atomic 
weight  of  cadmium  which  is  much  lower.  Apparently,  v, 
Hauer's  method  was  good,  and  the  reason  for  the  discrep- 
ancy remains  to  be  discovered.  Until  it  is  ascertained  I 
prefer  to  use  the  above  mean  value  for  Cd,  rather  than  to 
adopt  one  investigation  and  reject  the  others. 


MERCURY. 

In  dealing  with  the  atomic  weight  of  mercury  we  may 
reject  the  early  determinations  by  Sefstrtim*  and  a  large 
part  of  the  work  done  by  Turner-f  The  latter  chemist,  in 
addition  to  the  data  which  will  be  cited  below,  gives  figures 

*  Sefstrflm,      Berz.  Lelirb.,  5th  Ed.,  3,  1215.      Work  done  in  l8l2. 
fPhil.  Trans.,  1833,531-535. 
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to  represent  the  percentage  composition  of  both  the  chlo- 
rides of  mercury;  but  these  results  are  neither  reliable  nor 
in  proper  shape  to  be  used. 

First  in  order  we  may  consider  the  percentage  composi- 
tion of  mercuric  oxide,  as  established  by  Turner  and  by 
Erdmann  and  Marchand.  In  both  investigations  the  oxide 
was  decomposed  by  heat,  and  the  mercury  was  accurately 
weighed.  Giold  leaf  served  to  collect  the  last  traces  of  mer- 
curial vapor. 

Turner  gives  four  estimations.*  Two  represent  oxide  ob- 
tained by  the  ignition  of  the  nitrate,  and  two  are  from  com- 
mercial oxide.  In  the  first  two  the  oxide  still  contained 
traces  of  nitrate,  hut  hardly  in  weighable  proportions.  A. 
comparison  of  the  figures  from  this  source  with  the  others 
is  sufficiently  conclusive  on  this  point.  The  third  column 
represents  the  percentage  of  mercury  in  HgO : 

144.805  grains  Hg^  11-54  grains  O,  93.619  per  cent. 


I73-56I 


92,625 


In  the  experiments  of  Erdmann  and  Marchand  f  every 
precaution  was  taken  to  ensure  accuracy.  Their  weighings, 
reduced  to  a  vacuum  standard,  give  the  subjoined  percent- 


82,0079  grm.  HgO  gave  75-9347 
51.0320              "               47.2538 
S4.4996              "               78-^50' 
44.6283               ■'               4i.}2Ss 
11S.4066              "             109.6408 

grm.  Hg.     92.594  per  cent. 
92-597        " 
92.604       " 

93.597        " 

Mean,  92-5996.  ±  -ooiS 

Combining,  we  have : 

Turner 

Ei'dmaiiti  and  Marchand 

92,614.     zb  .0050 

—  9=.599&.  ±  -0015 

General  mean 

n?  ftni       J-    nnn 

*PhiI.Trans.,  1833,  531 
tJoutn.  fiirPrakt.  Chem 

-535. 
,31,395,       1844- 
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With  a  view  to  establishing  the  atomic  weight  of  sulphur 
Erdmann  and  Marehand  also  made  a  series  of  analyses  of 
pure  mercuric  sulphide.  These  data  are  now  best  available 
for  discussion  under  mercury.  The  sulphide  was  mixed 
with  pure  copper  and  ignited ;  mercury  distilling  over  and 
copper  sulphide  remaining  behind.  Gtold  lea?  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were 
reduced  to  vacuum : 

34.3568  grai.  HgS  gave  29.6207  grm.  Hg.        86.215  percent.  Hg. 
24.8278  "  31.40295       "  S6,2o6  " 

37.2177  "  32.08416      "  S6.207  " 

80.7641  "  69.6372        "  86.223 


For  the  percentage  of  mercury  in  mercuric  chloride  we 
have  data  by  Turner,  Millon,  and  Svanberg.  Turner,*  in 
addition  to  some  precipitations  of  mercuric  chloride  by  silver 
nitrate,  gives  two  experiments  in  which  the  compound  was 
decomposed  by  pure  stannous  chloride,  and  the  mercury 
thus  set  free  was  collected  and  weighed.  The  results  were 
as  follows : 

44.782  grains  Mg  =   15.90  grains  CI.  73-79^  pcr  cent. 

73.09  ■'  25.97  "  73-784       " 

Mean,  73.79I.  ±  -ooS 

Millonf  purified  mercuric  chloride  by  solution  in  ether 
and  sublimation,  and  then  subjected  it  to  distillation  with 
lime.  The  mercury  was  collected  as  in  Erdmann  and  Mar- 
chand's  experiments.     Percentages  of  metal  as  follows : 

73'8r 
73.S1 
73.83 
73-87 

Mean.  73.845.  ±  -O'o 

Svanberg.J  following  the  general   method  of  Erdmann 

*Phii.  Trans.,  l8j3,  531-535- 

t  Ann.  Cliim.  Phys.,  (3,)  18,  345      1846. 

J  journ.  fur  Pralit.  Chem.,  45,  472.      1848. 
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and  Marchand,  made  three  distillations  of  mercuric  chlo- 
ride with  lime,  and  got  the  following  results : 

12.048  grm.  HgClj  gave  8.889     gra>-  Hg.  73.780  per  Cent. 

12.529  "  9-2456         "  73-794      " 

I2.'649i  "  9-3363         "  73-S'o      " 


1,  73.795.  i.ooS 


Combining  these  series  we  have : 


Turner  .„ 73-79'.  ±  -oo5 

Millon... 73-845.  ±  -°io 

Svanberg 73-795.  ±  -oo^ 

General  mean 73-798.  ±  .0034 

In  this  mean  Tutnor's  figures  undoubtedly  receive  undue 
weight,  for,  on  experimental  grounds,  thoy  are  probably  in- 
ferior to  both  of  the  other  series.  It  is  better,  however,  that 
the  general  mean  should  remain  as  it  is,  than  that  I  should 
deal  arbitrarily  with  any  of  the  data. 

We  now  have  three  iigures  to  calculate  from : 

Per  cent,  of  Hg  in  HgO- 92.601,    ±  .0014 

HgS 86.3127,  ±:  .0027 

HgCl, 73-798,     4;  .0034 

These  give  us  three  values  for  the  atomic  weight  of  mer- 
cury and  a  general  mean  as  follows : 

From  HgO- Hg  =  199.786,  dz  .059 

From  HgClj "    =  199.239.  ±  -08S 

General  mean ■'    —  199-7'^.  ±  -°4Z 

If  0  =  16,  then  this  becomes  200.171, 


CHROMIUM. 

Concerning  the  atomic  weight  of  chromium  there  has 
heen  much  discussion,  and  many  experimenters  have  sought 
to  establish  the  true  value.     The  earliest  work  upon  it  hav- 
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ing  any  importance  was  that  of  Berzeiius,*  in  1818  and 
1826,  which  led  to  results  much  in  excess  of  the  correct 
figure.  His  method  consisted  in  precipitating  a  known 
weight  of  lead  nitrate  with  an  alkaline  chromate  and  weigh- 
ing the  lead  chromate  thus  produced.  The  error  in  his  de- 
termination arose  from  the  fact  that  lead  chromate,  except 
when  thrown  down  from  very  dilute  solutions,  carries  with 
it  minute  quantities  of  alkaline  salts,  and  so  has  its  apparent 
weight  notably  increased.  When  dilute  solutions  are  used, 
a  trace  of  the  precipitate  remains  dissolved,  and  the  weight 
obtained  is  too  low.  In  neither  case  is  the  method  trust- 
worthy. 

In  1844  Berzeiius'  results  were  first  seriously  called  in 
question.  The  figure  for  chromium  deduced  from  his  ex- 
periments was  somewhat  over  56 ;  but  Peligotf  now  showed, 
by  his  analyses  of  chromous  acetate  and  of  the  chlorides  of 
chromium,  that  the  true  number  was  near  52.5.  Unfortu- 
nately, Peligot's  work,  although  good,  was  published  with 
insufficient  details  to  be  useful  here.  For  chromous  acetate 
he  gives  the  percentages  of  carbon  and  hydrogen,  but  not 
the  actual  weights  of  salt,  carbon  dioxide,  and  water  from 
which  they  were  calculated.  His  figures  vary  considerably 
moreover ;  enough  to  show  that  their  mean  would  carry  but 
little  weight  when  combined  with  the  more  explicit  data 
fiirnished  by  other  chemists. 

Jacquelain'st  work  we  may  omit  entirely.  He  gives  an 
atomic  weight  for  chromium  which  is  notoriously  too  low, 
and  prints  none  of  the  numerical  details  upon  which  his 
result  rests.  The  researches  which  particularly  command 
our  attention  are  those  of  Berlin,  Moberg,  Lefort,  Wilden- 
stein,  Kessler,  and  Siewert. 

Among  the  papers  upon  the  atomic  weight  under  consid- 
eration that  by  Berlin  is  one  of  the  most  important.||  His 
starting  point  was  normal  silver  chromate;   but  in  one  ex- 

*  Schweigg.  Journ.,  22,  53,  and  Pog^end.  Annal.,  8,  22. 
■(■  Compt.  Rend.,  19,  609  and  734;  20,  1187;  21,  74. 
t  Compl.  Rend.,  24,  679.     1847. 
II  Jonrn.  fdr  Prakt.  Chem.,  37,  509.  and  38,  149.      1846. 
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periment  theanhydrochromate  AgjCijO,  was  used.  These 
salts,  which  are  easily  obtained  in  a  perfectly  pure  condition, 
were  reduced  in  a  large  flask  by  means  of  hydrochloric  acid 
and  alcohol.  The  chloride  of  silver  thus  formed  was  washed 
by  decantation,  dried,  fused,  and  weighed  without  transfer. 
The  united  washings  were  supersaturated  with  ammonia, 
evaporated  to  dryness,  and  the  residue  treated  with  hot 
water.  The  resulting  chromic  oxide  was  then  collected 
upon  a  filter,  dried,  ignited,  and  weighed.  The  results  were 
as  foUows : 


4.6680  grm.  AgjCrO,  gave  4. 


4-3335  gnn-  AgjCi-jO,  i 


.027  grm.  AgCl  and 


605 
■8555 


.0754  g™ 
.7960 
■5770 
■4945 
1.5300 


From  these  weighings  three  values  are  calculable  for  the 
atomic  weight  of  chromium.  The  three  ratios  upon  which 
these  values  depend  we  will  consider  separately ;  taking  first 
that  betweenthe  chromic  oxide  and  the  original  silver  salt. 
In  the  four  analyses  of  the  normal  ehromate  the  percentages 
of  CrjOj  deducible  from  Berlin's  weighings  are  as  follows : 


And  from  the  single  experiment  with  Ag^Cr^Oi  the  per- 
centage of  CrjOg  was  35.306. 

For  the  ratio  between  AgjCrO^  and  AgCl,  putting  the 
latter  at  100,  we  have  for  the  former : 
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In  the  single  experiment  with  anhydrochromate  100  AgCI 
is  formed  from  151.035  AgjCr^O,. 

Finally,  for  the  ratio  between  AgCl  and  Cr^Oj,  the  five 

experiments  of  Berlin  give,  for  100  parts  of  the  former,  the 

following  quantities  of  the  latter : 

26.705 

26,685 

26.662 

Mean,   26.682,  d;  .0076 

These  results  will  be  discussed  in  connection  with  the 
work  of  other  investigators  at  the  end  of  this  chapter. 

In  1848  the  researches  of  Moberg*  appeared.  His  method 
simply  consisted  in  the  ignition  of  anhydrous  chromic  sul- 
phate and  of  ammoniacal  chrome  alum,  and  the  determina- 
tion of  the  amount  of  chromic  oxide  thus  left  as  residue. 
In  the  sulphate,  Crj(S0j)3,  the  subjoined  percentages  of 
OjOg  were  found.  The  brackets  indicate  two  different 
samples  of  material,  to  which,  however,  we  are  justified  in 
ascribing  equal  value : 

.542  erm.  sulphate  gave 


.212  grni 
■523 

39.114  per  e 
39,117       " 

.207 

39.153       " 

,406 

" 

39.303      " 

■341 

" 

39.2S6      - 

Mea 

n,  39,1946.  ± 

From  the  alum,  (NH,),Cr,(S0,),.24H,O,  we  have  these 
percentages  of  Cr^O,.  The  first  series  represents  a  salt  long 
dried  under  a  bell  jar  at  a  temperature  of  18°.  The  crys- 
tals taken  were  clear  and  transparent,  but  may  possibly 
have  lost  traces  of  water,t  which  would  tend  to  increase  the 
atomic  weight  found  for  chromium.  lu  the  second  series 
the  salt  was  carefully  dried  between  folds  of  filter  paper,  and 

*  Jourii.  fUr  Prakt.  Chem.,  43,  1 14. 

t  This  objection  h  suggested  by  Berlin  in  a  short  note  upon  Lefoit's  paper. 
Joura.  fur  Prakt,  Chem.,  71,  191. 
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results  were  obtained  quite  near  those  of  Berlin.  Both  of 
these  series  are  discussed  together,  neither  having  a  remark- 
able value : 


I.3185  grm,  aim 
.7987 


gave 


213  grm.  CrjO,, 


.155  per  w 


.3707 
.0875 
.1940 


The  determinations  made  by  Lefort*  are  even  less  valu- 
able than  those  hy  Moberg.  This  chemist  started  out  from 
pure  barium  chromatc,  which,  to  thoroughly  free  it  from 
moisture,  had  beeu  dried  for  several  hours  at  250°.  The 
chromate  was  dissolved  in  pure  nitric  acid,  the  barium 
thrown  down  by  sulphuric  acid,  and  tlie  precipitate  collected 
upon  a  filter,  dried,  ignited,  and  weighed  in  the  usual  man- 
ner. The  natural  objection  to  the  process  is 'that  traces  of 
chromium  may  be  carried  down  with  the  sulphate,  thus  in- 
creasing its  weight.  In  fact,  Lefort's  results  are  somewhat 
too  high.  Calculated  from  his  weighings,  100  parts  of 
EaSOi  correspond  to  the  amounts  of  BaCrO,  given  in  the 
third  column : 


1. 2615  grm.  BiCrO,  gave  1.1555  grm.  BaSC 

,■   109- '74 

1.589s 

1.4580 

109.019 

2.3255 

2.1340 

108,974 

3.0390 

2.785s 

109.101 

2.34S0 

2.1590 

108.754 

1.4330 

1-3060 

108-708 

i-'975 

1.1005 

108.814 

3-45SO 

3.1690 

109,119 

2.0130 

1.8430 

109.224 

1.  fvir  Prakt.  Chcm.,  51,  261. 
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3,5570  grm.  BaCrOjgave  3.27JO  grni.  BaSO,.  108.744 

1.6470  '■  1.5060  ■'  lopj^a 

1.8240  "  1.6725  "  109,058 

1.6950  "  1.5560  "  108.933 

3.5960  "  2.3870  '■  108.756 

Mean,   108.9815,   d-  .0369 

Wildeiistein,*  in  1853,  also  niiido  barium  ehromate  the 
basis  of  his  researches.  A  known  weight  of  pure  barium 
chloride  was  precipitated  by  a  neutral  alkaline  ehromate, 
and  the  precipitate  allowed  to  settle  until  the  supernatant 
liquid  was  perfectly  clear.  The  barium  ehromate  was  then 
collected  on  a  filter,  washed  with  hot  water,  dried,  gently 
ignited,  and  weighed.  Here  again  arises  the  objection  that 
the  precipitate  may  have  retained  traces  of  alkaline  salts, 
and  again  we  find  deduced  an  atomic  weight  which  is  too 
high.  One  hundred  parts  BaCrOj  correspond  to  BaCl j  as 
follows : 


81.63 
81.56 


Next  in  order  we  have  to  consider  two  papers  by  I 
who  employed  a  peculiar  volumetric  method  entirely  his 
OM'n.  In  brief,  he  compared  the  oxidizing  power  of  potas- 
sium anhydrochromatc  with  that  of  the  chlorate,  and  from 

»Joarn.  fiir  Prakt.  Chem.,59,27. 
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his  observations  deduced  the  ratio  between  the  molecular 
weights  of  the  two  salts. 

In  his  earlier  paper*  the  mode  of  procedure  was  about  as 
follows:  The  two  salts,  weighed  out  in  quantities  having 
approximate  chemical  equivalency,  were  placed  in  two  small 
flasks,  and  to  each  was  added  100  cc.  of  a  ferrous  chloride 
solution  and  30  cc.  hydrochloric  acid.  The  ferrous  chloride 
was  added  in  trifling  excess,  and,  when  action  ceased,  the 
amount  unoxidized  was  determined  by  titration  with  a 
standard  solution  of  anhydrochromate.  As  in  each  case 
tlie  quantity  of  ferrous  chloride  was  the  same,  it  became 
easy  to  deduce  from  the  data  thus  obtained  the  ratio  in 
question.  I  have  reduced  ail  of  his  somewhat  complicated 
figures  to  a  simple  common  standard,  and  give  below  the 
amount  of  chromate  equivalent  to  100  of  chlorate : 


In  his  later  paperf  Kessler  substituted  arsenic  trioxide 
for  the  iron  solution.  In  one  series  of  experiments  the 
quantity  of  anhydrochromate  needed  to  oxidize  100  parts 
of  the  arsenic  trioxide  was  determined,  and  in  another  the 
latter  substance  was  similarly  compared  with  the  chlorate. 
The  subjoined  columns  give  the  quantity  of  each  salt  pro- 
portional to  100  of  ASjOj : 

K^Cr^O^.  KCIO^. 


*  Po^end.  Annal.,  95,  20S. 
f  Pojigeiid,  Annal.,  113,  137. 
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KCiOf 

41  193 

41.149 


Mean,' 41.172,  4;  .009 


From 
recent 


tn  the  data  given  in  the  earlier  paper,  if  we  \ 
values  for  chlorine,  potassium,  and  oxygen, 

K,Cr,o,  ^  293.937,  ±  -086 
And  from  Che  later,         "        =  294. 159,  ^  .119 


General  mean,         "         =  294.0I3,  ±  .0697 

Finally,  we  come  to  the  determinations  published  by  Sie- 
wert,*  whose  work  does  not  seem  to  have  attracted  general 
attention.  He,  reviewing  Berlin's  work,  found  that  upon 
reducing  silver  chromate  with  hydrochloric  acid  and  al- 
cohol, the  chromic  chloride  solution  always  retained  traces 
of  silver  chloride  dissolved  in  it.  These  could  be  precipi- 
tated by  dilution  with  water;  but,  in  Berlin's  process,  they 
naturally  came  down  with  the  chromium  hydroxide,  mak- 
ing the  weight  of  the  latter  too  high.  Hence  too  large  a 
value  for  the  atomic  weight  of  chromium.  In  order  to  find 
a  more  correct  value  Siewert  resorted  to  the  analysis  of  sub- 
limed, violet,  chromic  chloride.  This  salt  he  fused  with 
sodium  carbonate  and  a  little  nitre,  treated  the  fused  mass 
with  water,  and  precipitated  from  the  resulting  solution  the 
chlorine  by  silver  nitrate  in  presence  of  nitric  acid.  The 
weight  of  the  silver  chloride  thus  obtained,  estimated  after 
the  usual  manner,  gave  means  for  calculating  the  atomic 
weight  of  chromium.  His  figures,  reduced  to  a  common 
standard,  give,  as  proportional  to  100  parts  of  chloride  of 
silver,  the  quantities  of  chromic  chloride  stated  in  the  third 
of  the  subjoined  columns ; 

*Zeit5chrift  Gesammt.  Wissenschaflen,  17,  530.      1861, 
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2367  gtm.  CrjCl, 

gave  .6396  gnn.  AgQ. 

37.007 

2946 

7994 

36.S53 

2593 

7039 

36.838 

4935 

1 

3395 

36-842 

5850 

I 

5884 

36.830 

6511 

I 

76681 

36,852 

5503 

I 

49391 

36.835 

The  first  of  these  figures  varies  so  widely  from  the  others 
that  we  are  justified  in  rejecting  it;  in  which  case  the  mean 
becomes  3G.842,  ±  .0031. 

Siewert  also  made  two  analyses  of  silver  anhydrochromate 
by  the  following  process.  The  salt,  dried  at  120°,  was  dis- 
solved in  nitric  acid.  The  silver  was  then  thrown  down  by 
hydrochloric  acid,  and,  in  the  filtrate,  chromium  hydroxide 
was  precipitated  by  ammonia.  Reduced  to  a  uniform  stan- 
dard, we  find  firom  his  results,  corresponding  to  100  parts  of 
AgCI,  AgjCrjO,,  as  in  the  last  column : 


.7866  grm.  AgjCrjO,  gav 


.52202  AgCl  and  .2764  CrjOj. 
.72249  "  .3S40      '■ 


150.684 


Giving  Berlin's  single  estimation  equal  weight  with  ono 
of  these,  and  combining,  we  get  a  general  mean  of  150.816, 
±  .074. 

Siewert's  percentages  of  CrjOg  obtained  from  AgjCrjO,, 
are  as  follows,  calculated  from  the  above  weighings. 


Combining,  as  before,  with  Berlin's  single  result,  giving 
the  latter  equal  weight  with  one  of  these,  we  have  a  general 
mean  of  35.236,  ±  .0335. 

For  the  ratio  between  silver  chloride  and  chromic  oxide, 
Siewert's  two  analyses  of  the  anhydrochromate  come  out  as 
follows.     For  100  parts  of  AgCl  we  have  of  CraOj: 
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S2.94S 
53.150 

Mean,  53.049. 

±  .068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on 
the  monochromate,  becomes  26.525,  dz  .034,  BerUn's  mean 
was  26.682,  ±  .0076.  The  two  means,  combined,  give  a  gen- 
eral mean  of  26.676,  ±  .074. 

We  may  now  consider  the  ratios  before  us,  which  are  as 
follows : 

(1.)  Percentage  Cr^Oj  from  Ag^CrO,,  23.014,  ±  .011 

(2.)  Percentage  Cr^Oj  from  AgjCrgO,,  35.236,  ±  .0335 

(3.}  AgCl  :  AgjCrOj  : ;  100  :  115.956,  ±  .023 

(4.)  AgCl  :  AgjCr,0,  ; :  100 :  150.816,  ±  .074 

(S.)  AgCl :  Cr,0,  : ;  100  :  26.676,  dz  .0074 

(6.)  Percentage  Q,Oj  in  chromic  sulpliate,  39.1946,  ±  ,0280 

(7.)  Percentage  Cr^Oj  in  aJpmonia  chrome  alum,  16.143,  —  -0125 

(8.)  BaSO,  :  BaCrOj  : ;  100  :  108.9815,  ±  .0369 

(9.)  BaCrO,  :  BaCl,  ; :  100  :  81.702,  ±  .014 

(10.)   Molecular  weight  of  KjCr^O,,  J94.0I3,  zb  .0697 

(11.)   AgCl  :  CrCl,  ; :  100  :  36.842,  ±  .0031 

From  these  ratios  we  can  at  once  deduce  five  values  for 
the  molecular  weight  of  Cr^Oj,  as  follows : 
1  (1) Crj03  =  152,612 


=  iS'-905. 

=  152-634, 
^  1 54.464. 
=  154.5 


General  mean •'      =r  152.855, 

For  barium  ehroinate  we  get  two  values 

From  (8) BaCrO,  =  253.494, 

"      (9)- —      "       =253-976. 


i6S 


Prom  {3)  we  get  Ag,CrO,  =  331.739,  ±  .070 
"  (4)  "  AgjCrjO,  =  431.470.  ±  .215 
■'     (11)        "  CrCl^^  158,102,  d=  -018 

Finally,  from  these  intermediate  data  we  derive  six  values 
for  the  atomic  weight  of  chromium  : 
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From  BaCiO, 

"       Cr,Oj 

"       AgjCrO,- -- 

"       AgjCr,0, 

"      K,Cr,0, -. 

"      CrCl, 

General  mean  _. 

Or,  if  0=  16- 


Cr 

± 

064 

=  52.48Z 

± 

018 

=  52.S36 

± 

074- 

=  52.188 

± 

loq 

=  S2.I.6 

± 

078 

=.51.99^ 

±; 

047 

=  52-453 

± 

015 

On  account  of  the  wide  discrepancies  between  different 
data,  and  of  the  known  constant  errors  vitiating  some  of  the 
series  of  experiments,  the  foregoing  general  mean  can  have 
but  little  real  value.  In  fact,  a  careful  consideration  of  all 
the  work  represented  in  it  will  show  that  the  most  accurate 
estimate  of  the  atomic  weight  of  chromium  must  be  deduced 
from  the  experiments  of  either  Berlin,  Kessler,  or  Siewert. 
Berhn's  figures,  taken  by  themselves,  and  combined,  give, 
if  the  single  analysis  of  silver  anhydroehromate  be  assigned 
equal  weight  with  a  single  analysis  in  the  monochromate 
series,  Cr  =  52.389,  ±  .019 ;  or,  if  O  =  16,  Cr  =  52.511. 

Siewert's  results,  both  for  chromic  chloride  and  the  silver 
anhydroehromate,  properly  combined,  give  Cr  =  52.009, 
±  .025.  If  0  =  16,  this  value  becomes  Cr  ^  52.129.  In 
brief,  the  atomic  weight  of  chromium  may  be  nearly  52.5, 
or  it  may  be  52.  Only  a  revision  of  all  the  experiments 
could  enable  us  to  decide  positively  between  these  values. 
But  as  Siewert  has  pointed  out  probable  sources  of  error  in 
Berlin's  work,  I  am  inclined  to  give  preference  to  the  lower 
value. 


MANGANESE. 

Rejecting  the  early  experiments  of  J.  Davy  and  of  Arf- 
vedson,  the  first  determinations  of  the  atomic  weight  of 
manganese  which  we  encounter  are  those  of  Turner*  and  of 
Borzelius.t     Both  of  these  chemists  used  the  same  method. 

»Traii5.  Roy.  Soc.  Edin..  Il,  i43'     "831. 
t  Lehrbuch,  5th  Ed.,  3,  1224. 
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The  chloride  of  manganese  was  fused  in  a  current  of  dry- 
hydrochloric  acid,  and  subsequently  precipitated  with  a 
solution  of  silver.  From  the  subjoined  weighings  I  calcu- 
late the  ratio  given  in  the  third  column  between  MnCl,  and 
100  parts  of  AgCl : 

4.Z0775  grm.  MnCi,  =     9.575     grm.  AgCl.  43-945  1  jjg^^^,i„, 

3.063  ■'  :=     6.96912  "  43-950 1 

13.47       grains  MnClj  =  28.42  grains  AgCl.  43.878— Turner. 

Mean,  43-924.  ±  -015 

Hence  the  molecular  weight  of  MnClj  is  125,662,  ±  .045. 

Many  years  later  Dumas  *  also  made  the  chloride  of  man- 
ganese the  starting  point  of  some  atomic  weight  determina- 
tions. The  salt  was  fused  in  a  current  of  hydrochloric  acid, 
and  afterwards  titrated  with  a  standard  solution  of  silver 
in  the  usual  way.  100  parts  of  Ag  are  equivalent  to  the 
quantities  of  MnClj  given  in  the  third  column  : 


3.0872 

2. 967 1 


5S.317 
58.326 
JS.331 


Hence  MnCl,  ^  125.594,  ±  .011.  This,  combined  with 
Berzelius  and  Turner's  figures,  gives  MnCl^  =  125.598, 
±  .011.     And  Mn  =  54.858,  ±  .031. 

An  entirely  different  method  of  investigation  was  followed 
by  V.  Hauer.t  who,  as  in  the  case  of  cadmium,  ignited  the 
sulphate  in  a  stream  of  sulphuretted  hydrogen,  and  deter- 
mined the  quantity  of  sulphide  thus  formed.  I  subjoin  his 
weighings,  and  also  the  percentage  of  MnS  in  MnSOj  as 
calculated  from  them : 


*Ann,  Chcm.  Phami.,  113,25.      i8( 
t  Journ.  fiir  Prakt.  Chem.,  72,  360. 
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4.0626 

-nn 

MnBO 

gave  2.3425 

jrm.  MnS. 

57.660  per 

4-936? 

2.8442 

57-613      ' 

5.2372 

3.0192 

57.649      ' 

7.0047 

4.0347 

57.600      ■ 

4.9'75 

2.8297 

57-543      ■ 

4.8546 

2-7955 

57-585       ■ 

4.997S 

2,8799 

57.625       ■ 

4-6737 

2.6934 

■' 

57.629      • 

4.7240 

2-7197 

57-572       ■ 

Mea 

n,  S7-608,  ± 

Hence  Mn  =  54.785,  ±  .031. 

This  method  of  v.  Hauer's,  which  seemed  to  give  good 
results  with  cadmium,  is,  according  to  Schneider,*  inapph-' 
cable  to  manganese ;  for  the  reason  that  the  sulphide  of  the 
latter  metal  is  liable  to  be  contaminated  with  traces  of  oxy- 
sulphide.  Such  an  impurity  would  bring  the  atomic  weight 
out  too  high.  The  results  of  two  different  processes,  one 
carried  out  by  himself  and  the  other  in  his  laboratory  by 
Rawack,  are  given  by  Schneider  in  this  paper. 

Rawack  reduced  manganoso-manganic  oxide  to  manga- 
nous  oxide  by  ignition  in  a  stream  of  hydrogen,  and  weighed 
the  water  thus  formed.  From  his  weighings  I  get  the  values 
in  the  third  column,  which  represent  the  Mn^O^  equivalent 
to  one  gramme  of  water : 


5636 
536. 


.149  grm.  MhjO,  gave 

0.330  Sim.  HjO.          12. 

t.649 

-370             "                      '2. 

.S865 

.5485           ■'                      12. 

-356 

-5S55           "                      12. 

■9445 

-7135           "                      12. 

.584 

.9225           "                      12. 

Mean,  TT 

Hence  Mn  =  53.911,  ±  .026. 


Here  the  most  obvious  source  of  error  lies  in  the  p 
loss  of  water.  Such  a  loss,  however,  would  increase  the 
apparent  atomic  weight  of  manganese;  but  we  see  that 
the  value  found  is  much  lower  than  that  obtained  either  by 
Dumas  or  v.  Hauer. 


gend.  AnnaL,  107,  605. 
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Schneider  himself  effected  the  combustion  of  manganous 
oxalate  with  oxide  of  copper.  The  salt  was  not  absolutely 
dry,  so  that  it  was  necessary  to  collect  both  water  and  car- 
bon dioxide.  Then,  upon  deducting  the  weight  of  water 
from  that  of  the  original  material,  the  weight  of  anhydrous 
oxalate  was  easily  ascertained.  Subtracting  from  this  the 
CO,,  we  get  the  weight  of  Mn.  If  we  put  CO^  =  100,  the 
quantities  of  manganese  equivalent  to  it  will  be  found  in 
the  last  column : 

'■S°7S  grai-  oxalale  gave  .306  grm.  H,0  and  .7445  grm.  CO5.    61.3835 


Hence  Mn  =  53.904,  ±  .014 


Mean,  6i.3943,±.( 


This  result  agrees  beautifully  with  the  value  calculated 
from  Rawack's  experiments. 

Now  to  combine  the  four  independent  values  which  we 
have  thus  far  obtained  : 


FromMnClj 

■'     MnSO^ 

"     Mn,0, 

....Mn  =  54,858,  ±  .03. 
....  "    =  54-7S5,  ±  -031 
. —   ■'    =53.911,  ±  .026 

General  mean- _ 
If  0  —  r6 

__..  "    =54.128,  zb. 01 1 

The  considerations  already  cited,  however,  go  to  show 
that  this  general  mean  must  be  slightly  affected  by  some 
plus  constant  error.  It  is  probable,  therefore,  that  a  more 
correct  figure  will  result  from  rejecting  the  first  and  second 
values  in  the  above  combination,  and  taking  the  data  fur- 
nished by  Rawack  and  Schneider  alone.  Combining  their 
figures,  we  get  as  follows.  Mn  =  53.906,  ±  .012.  Or,  if 
0  =  16,  Mn  =  54.029. 

Since  the  foregoing  calculations  were  made  Dewar  and 
Scott*  have  reported  the  following  experiments.     From  the 
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complete  analysis  of  silver  permanganate,  putting  Ag  =  108 
and  0  =  16,  they  find  in  three  estimations  Mn  —  55.51 , 
54.04,  and  54.45.  From  the  analysis  of  pure  MnO^,  made 
fi-om  the  nitrate,  Mn  ==  53.3  to  53.6.  Up  to  the  date  of 
■writing  a  detailed  account  of  the  methods  employed  has 
not  boon  published. 


IRON. 


The  atomic  weiglit  of  iron  has  been  determined  almost 
exclusively  from  the  composition  of  ferric  oxido.  Beyond 
this  there  are  only  a  few  comparatively  unimportant  ex- 
periments by  Dumas  relative  to  ferrous  and  ferric  chlorides. 

Most  of  the  earlier  data  relative  to  the  percentage  of  metal 
and  oxygen  in  ferric  oxide  we  may  reject  at  once,  as  set 
aside  by  later  investigations.  Among  this  no  longer  valua- 
ble material  there  is  a  series  of  experiments  by  Berzelius, 
another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
work  done  byStromeyer  and  by  Wackenroder  was  probably 
good,  but  I  am  unable  to  find  its  details.  The  former  found 
30.15  per  cent,  of  oxygen  in  the  oxide  under  consideration, 
while  Wackenroder  obtained  figures  ranging  from  a  mini- 
mum of  30.01  to  a  maximum  of  30.38  per  cent.* 

In  1844  Berzelius  t  published  two  determinations  of  the 
ratio  in  question.  He  oxidized  iron  by  means  of  nitric  acid, 
and  weighed  the  oxide  thus  formed.  He  thus  found  that 
when  0  =  100  Fe  =  350.27  and  350.369. 

Hence  the  following  percentages  of  Fe  in  Fe,03. 


Mean,  70.020,  ±  .0013 

About  the  same  time  Svanberg  and  Norlin]:  published 

*  For  additional  details  concerning  these  earlier  papers  I  must  refer  io  Oude- 
mans'  monograph,  pp.  140,  141. 

f  Ann.  Chem.  Pharm.,  50,  432.      Betz.  Jahresb.,  25,  43. 
J  Berzelius'  Jahresbericht,  25,  42. 
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two  elaborate  series  of  experiments;  one  relating  to  the 
synthesis  of  ferric  oxide,  the  other  to  its  reduction.  In  the 
first  set  pure  piano-forte  wire  was  oxidized  by  nitric  acid, 
and  the  amount  of  oxide  thus  formed  was  determined.  The 
results  were  as  follows : 

'-5257  grai.  Fe  gave  2.1803  £""■  P^jOj-        ^9-911  P^r  i^enl.  Fe. 


4051 

3.4390 

69.936 

321Z 

3-3194 

69.928 

32175 

3-3'83 

69.96S 

2772 

3.2550 

69.960 

4782  ' 

3.54'8 

69,970 

358= 

3.3720 

Ci9-935 
Mean.  69.9534 

In  the  second  series  ferric  oxide  was  reduced  by  ignition 
in  a  current  of  hydrogen,  yielding  the  subjoined  percentages 
of  metal: 

.98353  gtm.  Fe, 
4'S'5 

99175 
5783 

IOI5 


08915  g™ 

Fe,   70.025  per 

69.0 

70.015   ' 

094SS 

70.014   ' 

505925 

70.030   ■' 

9375 

70.073 

17275 

70.056   " 

8S30S 

70.036   " 

Mean,  70.0354,  ±  .0055 

It  is  evident  that  one  or  both  of  these  series  must  be 
vitiated  by  constant  errors,  and  that  these  probably  arise 
from  impurities  in  the  materials  employed.  Impurities  in 
the  wire  taken  for  the  oxidation  series  could  hardly  have 
been  altogether  avoided,  and  in  the  reduction  series  it  is 
possible  that  weighable  traces  of  hydrogen  may  have  been 
retained  by  the  iron.  At  all  events  it  is  probable  that  the 
errors  of  both  series  are  in  contrary  directions,  and,  there- 
fore, in  some  measure  compensatory. 

In  1844  there  was  also  published  an  important  paper  by 
Erdmann  and  Marchand.*  These  chemists  prepared  ferric 
oxide  by  the  ignition  of  pure  ferrous  oxalate,  and  submitted 

*  Journ.  fur  Prakt.  Chem.,  33,  i. 
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it  to  reduction  in  a  stream  of  hydrogen.  Two  sots  of  results 
were  obtained  with  two  different  samples  of  ferrous  oxalate, 
prepared  by  two  different  methods.  For  present  purposes, 
however,  it  is  not  necessary  to  discuss  these  sets  separately. 
The  percentages  of  iron  in  FejOj  come  out  as  follows : 

70.013 

69.979 

69.977 
70.044 
70-01 5 
70-055 


Mean,  70.0094,  zb  .0080 

In  1850  Maumen^'s*  results  appeared.  He  dissolved  pure 
iron  wire  in  aqua  regia,  precipitated  with  ammonia,  filtered 
off  the  precipitate,  washed  thoroughly,  ignited,  and  weighed, 
after  the  usual  methods  of  quantitative  analysis.     The  per- 


centages of  Fe 


FejOj  are  given  in  the  third  column : 
17  grm.  FcjOj. 


Two  more  results,  obtained  by  Rivotf  through  the  reduc- 
tion of  ferric  oxide  in  hydrogen,  remain  to  be  noticed.  The 
percentages  are : 


69.31 
&9-35 


Mean,  69,33,  ±  -013 
We  have  thus  before  us  six  series  of  results,  which  i 


may  now  combine. 


*Compt.  Ren!l.,Oci,  17,  1850. 

t  Ann.  Chem.  Pharm,,  78,  214;      1851. 
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BerzeluE  70.020,    ±  .< 

Erdmann  and  Marcliand 70,0094,  ±  .( 

Sianbei^  and  Norlin,  Oxyd 69,9534,  ±  .( 

Reduc,  ...  70.0354,  ±  X 


(jeneral  mean 70.0075,  ±  ,OOIO 

From  this  we  get  Fe  =  55,891,  ±  .012 ;  or,  if  0  =  10, 
this  becomes  56.0195. 

Dumas'*  results,  obtained  from  the  chlorides  of  iron,  are 
of  so  little  weight  that  they  might  safely  be  omitted  from 
our  present  discussion.  For  the  sake  of  completeness,  how- 
ever, we  will  include  them. 

Pure  ferrous  chloride,  ignited  in  a  stream  of  hydrochloric 
acid  gas,  was  dissolved  in  water  and  titrated  with  a  silver 
solution  in  the  usual  way.  One  hundred  parts  of  silver  are 
equivalent  to  the  amounts  of  FeClj  given  in  the  third 
column ; 

3.677  grm.  FeClj  ^  6.Z38  grm,  Ag.  5^,945 

3,924  ■'  =  6.675         "  58,787 

Mean,  58.866,  ±  .053 

Ferric  chloride,  titrated  in  the  same  way,  gave  these  re- 
sults : 


Mean,  50.2435,  ±  .0132 

These  give  us  two  additional  values  for  Fe,  as  follows : 

From  FeClj Fe  =  56.038.  ±  ,119 

"     FejClj "  =  56,189,  ±  ,063 

Combining  these  with  the  value  deduced  from  the  com- 
position of  FCjOj,  Fe  —  55.891,  i  .012,  we  get  this  general 
mean,  Fe  -  55.913,  ±  .012.  If  0  =:  16,  this  becomes  Fe  = 
56,042. 


*Anu.  Chem.  Pliarm.,  113,  26, 
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The  atomic  weight  of  copper  has  been  chiefly  determined 
from  the  composition  of  the  black  oxide  and  the  anhydrous 
sulphate.  In  dealing  with  the  first  named  compound  all 
experimenters  have  agreed  in  reducing  it  with  a  current  of 
hydrogen,  and  weighing  the  metal  thus  set  free. 

The  earliest  experiments  of  any  value  were  those  of  Ber- 
zelius,*  whose  results  were  as  follows ; 

7.6S075  grm.  CuO  lost  1.55  e™1'  O-         79.820  per  cent.  Cu  in  CuO. 
9.6115  "  1,939     "  79.826 

Mean,  79.823,   ±  .002 

Erdmann  and  Marehand,t  who  come  next  in  chronologi- 
cal order,  corrected  their  results  for  weighing  in  air.  Their 
weighings,  thus  corrected,  give  us  the  subjoined  percentages 
of  metal  in  CuO : 

63.8962  gnn.  CuO  gave  51.0391   grm.  Cu.  79.878  per  cent, 

65.1590  "  52.0363         "  79.860       " 

60.2878  "  48,1540         "  79-^74       " 

46.2700  ■'  3^-9449        "  79-S46      ■' 

Mean,  79,8645,  ±  .003S 

Stili  later  we  iind  a  few  analyses  by  MiUon  and  Com- 
maille.t  These  chemists  not  only  reduced  the  oxide  by 
hydrogen,  but  they  also  weighed,  in  addition  to  the  metallic 
copper,  the  water  formed  in  the  experiments.  In  three  de- 
terminations the  results  were  as  follows : 

6.714s  grm.  CuO  gave  5.3565  grm.  Cu  and  1.53258™!,  HjO.   79-775  percent. 
3.3945  "  2,7085  "  ,7680  "  79.79' 

2.7S80  "  2.2240  grm.  Cu.  79'770 

Mean,  79.77S7,  ±  .0043 

For  the  third  of  these  analyses  the  water  estimation  was 
not  made,  but  for  the  other  two  it  yielded  results  which,  in 

*P(^gend.  Annal.,  8,  177. 

•j- Joura.  fiir  Prakt.  Chem.,  31,  389.      1844. 

j  Fresenius'  Zeltsehrifl,  2,  475.     1863. 


.yGoogle 


136  THE    ATOMIC    WEIGHTS. 

the  mean,  would  make  the  atomic  weight  of  copper  63.087, 
±  .222.  This  figure  has  so  high  a  probable  error  that  we 
need  not  consider  it  further. 

The  results  obtained  by  Dumas  *  are  wholly  unavailable. 
Indeed,  he  does  not  even  publish  them  in  detail.  He  merely 
says  that  he  reduced  copper  oxide,  and  also  effected  the 
synthesis  of  the  subsulphide,  but  without  getting  figures 
which  were  wholly  concordant.     He  puts  Cu  =  63.5. 

Latest  of  all,  and  probably  the  best  also,  we  have  the  de- 
terminations by  Hampe-t  First,  he  attempted  to  estimate 
the  atomic  weight  of  copper  by  the  quantity  of  silver  which 
the  pure  metal  could  precipitate  fl-om  its  solutions.  This 
attempt  failed  to  give  satisfactory  results,  and  he  fell  back 
upon  the  old  method  of  reducing  the  oxide.  From  ten  to 
twenty  grammes  of  material  were  taken  in  each  experiment, 
and  the  weights  were  reduced  to  a  vacuum  standard : 
20.3260  gnn.  CuO  gave  16.2279  grai.  Cu.  79.838  per  cent. 
20.68851  "  16.51669      ■'  79,83s       " 

10,10793  "  8.06926       ■'  79-83" 

Mean,  79.f*347.  ±  -oo'S 
Hampe  also  determined  the  quantity  of  copper  in  the 
anhydrous  sulphate,  CuSO^.  From  40  to  45  grammes  of  the 
salt  were  taken  at  a  time,  the  metal  was  thrown  down  by 
electrolysis,  and  the  weights  were  all  corrected.  I  subjoin 
the  results : 


40300  grn 

,  CuSO,  gave 

16.04958  grm.  Cu. 

39,724  pe 

64280 

17.73466 

39.726 

Mean,  39.725,   ±  .0007 

We  now  have  four  series  of  experiments  upon  copper 
oxide,  as  follows : 

Bertelius 79.823.     : 

Erdniann  and  Marchand 79.8645,  ; 

Miilon  and  Commaaie 79-7787,  : 

Hampe 79-8347.  ±  ■' 

General  mean 79.830,    : 

*Ann.  d.  Chim.  ct  Phys.,  (3,)  55,  129. 
f  Fresenins'  Zeitachrift,  13,  352. 
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For  copper  we  have— 


From  composition  of  CuO Cu  :=  63.  l8l,  zt 

"     CuSO,,  (Hampe) "   ^  63.171,  i 


If  0  =  16,  then  Cu  becomes  =  63.318. 

The  close  agreement  between  the  two  independent  values- 
for  Cu  is  certainly  very  striking.  It  will  be  seen  that 
Hampe'a  two  estimates  upon  the  sulphate  carry  (perhaps 
accidentally)  much  greater  weight  than  all  the  experiments 
upon  the  oxide.  This  might  seem  like  giving  them  undue 
credit,  were  it  not  for  the  fact  of  the  remarkable  concordance 
of  the  results  above  referred  to.  Either  estimate  for  Cu 
would  be  valid  without  the  other. 


MOLYBDENUM. 

If  we  leave  out  of  account  the  inaccurate  determination 
made  by  Berzelius,*  we  shall  find  that  the  data  for  the 
atomic  weight  of  molybdenum  lead  to  two  independent  esti- 
mates of  its  value ;  one  near  92,  the  other  near  96.  The 
earlier  results  found  by  Berlin  and  by  Svanberg  and  Struve 
lead  to  the  lower  number ;  the  more  recent  work  of  Debray, 
Dumas,  and  Ix)tbar  Meyer  sustains  the  higher.  The  latter 
value  is  the  more  probable,  although  both  may  be  vitiated 
by  constant  errors  in  opposite  directions. 

The  earliest  investigation  which  we  need  especially  to 
consider  is  that  of  Svanberg  and  Struve.t  These  chemists 
tried  a  variety  of  different  methods,  but  finally  based  their 
conclusions  upon  the  two  following:  first,  molybdenum 
trioxide  was  fused  with  potassium  carbonate,  and  the  car- 
bon dioxide  which  was  expelled  was  estimated;  secondly, 
molybdenum  disulphide  was  converted  into  the  trioxide  by 

"  Poggend.  Annal.p  8,  i.     1826. 
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roasting,  and  the  ratio  between  the  weights  of  tlie  two  sub- 
stances was  determined. 

By  the  first  method  it  was  found  that  100  parts  of  MoOj 
will  expel  the  following  quantities  of  COj : 

31-4954 
3''3749 
3' -4705 

Mean,  31.4469^  ±  -O^-tS 

The  carbon  dioxide  was  determined  simply  from  the  loss 
of  weight  when  the  weighed  quantities  of  trioxide  and  car- 
bonate were  fused  together.  It  is  plain  that  if,  under  these 
circumstances,  a  little  of  the  trioxide  should  be  volatilized, 
the  total  loss  of  weight  would  be  slightly  increased.-  A  con- 
stant error  of  this  kind  would  tend  to  bring  out  the  atomic 
weight  of  molybdenum  too  low. 

By  the  second  method,  the  conversion  by  roasting  of  MoSj 
into  MoOa,  Svanberg  and  StruvC  obtained  these  results. 
Two  samples  of  artificial  disulphide  were  taken,  A  and  B, 
and  yielded  for  each  hundred  parts  the  following  of  trioxide ; 


89-7919  1  ^ 
89.7291  I 


6436 


89.7660 
9.7640 


89.863s  , 

Mean,  89.7523,  i:  .0176 

Three  other  experiments  in  series  B  gave  divergent  re- 
sults, and,  although  published,  are  rejected  by  the  authors 
themselves.  Hence  it  is  not  necessary  to  cite  them  in  this 
discussion.  We  again  encounter  in  these  figures  the  same 
source  of  constant  error  which  apparently  vitiates  the  pre- 
ceding series,  namely,  the  possible  ■  volatilization  of  the 
trioxide.  Here,  also,  such  an  error  would  tend  to  reduce 
the  atomic  weight  of  molybdenum. 

Upon  discussing  the  data  given  in  the  foregoing  para- 
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graphs  we  get  somewhat  noticeable  results.  I'Vom  the  car- 
bon dioxide  series,  Mo  =  91.711,  ±  .113,  a  figure  having  no 
unusual  interest.  From  the  other  series,  if  8  =  31.987  and 
0  =  15.9633,  we  get  Mo  =  92.979,  ±  .354 ;  but  if  we  take 
S  =  32  and  O  =  16,  then  Mo  becomes  =  92.133.  In  this 
case  the  higher  values  for  oxygen  and  sulphur  lead  to  a 
lower  number  for  molybdenum.  In  the  carbonate  series 
the  assumption  of  12  and  16  for  C  and  0,  respectively,  makes 
jjq  _  92.033.  In  other  words,  if  we  assume  the  ordinary 
even  numbers  for  C,  0,  and  S,  Svanberg  and  Struve's  two 
methods  yield  more  nearly  concordant  results  than  when 
the  revised  values  for  these  elements  are  taken. 

Berlin,*  a  little  later  than  Svanberg  and  Struve,  deter- 
mined the  atomic  weight  of  molybdenum  by  igniting  a 
molybdate  of  ammonium  and  weighing  the  residual  MoOg. 
Here,  again,  a  loss  of  the  latter  by  volatilization  may  (and 
probably  does)  lead  to  too  low  a  result.  The  salt  used  was 
(NHj)^Mo50, ,.  3  H5O,  and  in  it  these  percentages  of  M0O3 
were  found : 


=  0095 


Hence  Mo  =  91.9817,  ±  .0776;  a  result  agreeing  quite 
well  with  those  of  Svanberg  and  Struve. 

Until  1859  the  value  92  was  generally  accepted  on  the 
basis  of  the  foregoing  researches,  but  in  this  year  Dumas  t 
published  some  figures  tending  to  sustain  a  higher  number. 
He  prepared  molybdenum  trioxide  by  roasting  the  disulph- 
ide,  and  then  reduced  it  to  metal  by  ignition  in  hydrogen. 
At  the  beginning  the  hydrogen  was  allowed  to  act  at  a 
comparatively  low  temperature,  in  order  to  avoid  volatiliza- 
tion of  trioxide ;  but  at  the  end  of  the  operation  the  heat 


*  Joum.  fiir  Prakt.  Chein.,49,  444.      1850. 
•j-Ann.  Chem.  Phann.,  105,  84,  and  113,23. 
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was  raised  sufficiently  to  insure  a  complete  reduction.    From 
the  weighings  I  calculate  the  percentages  of  metal  in  MoOj : 


.448  gnu.  M0O3  gave 

,299  grm 

Mo. 

66.741  per  c 

.484 

■323 

66.736       '■ 

.484 

.322         ' 

66.529       " 

.498 

■332        ' 

66.667        " 

■559 
.388 

■373 
.258        ' 

66.726       " 
56.495      " 

Mean,  66.649,  ±  -030 

In  1868  the  same  method  was  employed  by  Debray,*  His 
trioxide  was  purified  by  sublimation  in  a  platinum  tube. 
His  percentages  are  as  follows : 


5.514  grm.  M0O3  gai 
7.910 


;  3.667  grr 
5-265 


66.503  per . 
66.561 
66.604      " 

n,  66.556,  ± 


This  mean,  combined  with  that  of  Dumas',  gives  a  gen- 
eral mean  of  66.585,  ±  .017. 
Hence  Mo  =  95.429,  dr  .057. 

Debray  also  made  two  experiments  upon  the  precipitation 
of  molybdenum  trioxide  in  ammoniacal  solution  by  nitrate 
of  silver.  In  bis  results,  as  published,  there  is  curious  dis- 
crepancy, which,  I  have  no  doubt,  is  due  to  typographical 
error.  These  results  I  am,  therefore,  compelled  to  leave  out 
of  consideration.  They  could  not,  however,  exert  a  very 
profound  influence  upon  the  final  discussion. 

The  most  recent  investigation  upon  the  atomic  weight  of 
molybdenum  is  the  discussion  by  Lothar  Meyer  f  of  the 
experimental  results  obtained  by  Liechti  and  Kemp  J  in 
their  analyses  of  the  chlorides.  Of  these  compounds  there 
are  four;  MoCl^,  MoCla,  MoCI^,  and  M0CI5.  The  chlorine  in 
each  was  estimated  as  silver  chloride,  and  the  molybdenum 
as  disulphide.     From  these  analyses  Meyer  deduces  three 

*  Compt.  Rend.,  66,  734. 

f  Ann.  Chem.  Phium.,  169,365.     1S73. 

J  Ann.  Chem.  I'harm.,  169,  344. 
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sets  of  ratios,  namely :  between  MoCia  and  n  AgCl ;  between 
MoCl„  and  MoS^,  and  between  MoSj  and  n  AgCI.  We  will 
use  only  the  first  and  last  of  these ;  the  probable  error  of 
the  atomic  weight  deduced  from  the  second  being  relatively 
so  high  as  to  make  the  value  connected  with  it  compara- 
tively unimportant.  Tho  analyses  of  the  trichloride,  being 
discordant,  are  here  rejected. 

By  reducing  the  weighings  published  by  Liechti  and 
Kemp  *  to  a  common  standard  we  get  the  following  per- 
centage results.  In  MoCl,  the  subjoined  quantities  of  the 
original  substance  and  of  MoSj  correspond  to  100  parts  of 
AgCl: 

58.299  55-762 

58-194  55.59' 


Mean,  s8-339,  ±  -o66 
Hence  MoCl,  ^  166.902, 


Mean,  55.806,  ±  .093 

.188,  and  MoS,  =  159.652, 


"With  the  tetrachloride  similarly  calculated  we  j 
3gures,  corresponding  to  100  parts  AgCl : 

MoClf  MoS^. 

4'-492  ^7.957 

4l.3'9 


Mea 


1.4055. 


:  .0583 


Hence  MoCl^  ■=  236.914,  ±  .358,  and  MoS,,  if  given  the 
reight  of  a  single  experiment  in  the  dichloride  series, 
=  159.964,  ±  .627. 


*  These  are  as  follows  : 

.2666  grm.  MoCI,  gave  .2550  grm.  MoS,  and  .4573  grm.  AgCl. 


■2530 
.4126  gnn 
.1923 


MoCl,  gave 
gtm.  M0CI5  gave 


.4320 
-9944 
-4S54 
.5222 
.6465 
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For  the  pentachloride  the  following  quantities  balance 
100  of  AgCl : 


Mean,  38.112,  ±  .038  Mean,  22.3585,   ±  .040 

Hence  MoCi,  =  272.587,  ±  .271,  and  MoS,  =  159.914, 
±  .287. 

We  have  now  the  molecular  weight  of  each  chloride,  and 
three  values  for  that  of  the  disulphide.  Combining  the  lat- 
ter we  get  a  general  mean,  as  follows : 


rom  MoClj  series 
"     MoCl,     " 
"     M0CI5     " 

MoS,=  159-652,  ±.268 

"      =  159.964,  ±  .627 

"      =  159-914,  ±:  -287 

General  me 

3° "      -159.790.  ±-'87 

With  these  data,  in  addition  to  those  given  by  Dumas 
and  by  Debray,  we  get  five  estimates  of  the  atomic  weight 
of  molybdenum : 

Dnmas  and  Debray's  data 

From  molecular  iveighl  of  MoCl, 

MoCl. 

M0CI5 

MoSj 


■=  96.262 

— 

iqo 

=  95-434 

=fc 

,lb.3 

=  95-737 

±1 

2S0 

=  95-816 

± 

IBS 

=  95-527 

± 

051 

Or,  if  0  =  16,  Mo  =  95.747. 

It  will  at  once  be  seen  that  the  most  reliable  results  are 
those  obtained  by  the  reduction  of  molybdenum  trioxide. 
Traces  of  oxyehlorides  may  possibly  have  contaminated  the 
chlorides  and  augmented  tlieir  atomic  weight.  Our  final 
figure,  therefore,  may  be  a  trifle  too  high,  but  the  early 
value,  92,  is  unquestionably  very  far  too  low. 

Since  the  foregoing  discussion  was  written  a  single  experi- 
ment by  Rammelsberg  *  has  been  brought  to  my  notice. 

*  Berlin  Monatsberieht,  1877,  574. 
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Closely  following  Dumas'  method,  he  reduced  molybdenum 
trioxide  to  metal,  finding  in  it  66.708  per  cent,  of  the  latter. 
This  figure  comes  within  the  limits  of  variation  of  Dumas' 
experiments,  and  therefore  gives  them  additional  confirma- 
tion. Its  introduction  into  the  general  mean,  however, 
would  exert  too  little  iniluence  upon  the  latter  to  justify  the 
labor  of  recalculation. 


TUNGSTEN. 


The  atomic  weight  of  tungsten  has  been  determined  from 
analyses  of  the  trioxide,  the  hexchloride,  and  the  tungstates 
of  iron,  silver,  and  barium. 

The  composition  of  the  trioxide  has  been  the  subject  of 
many  investigations.  Malaguti  *  reduced  this  substance  to 
the  blue  oxide,  and  from  the  difference  between  the  weights 
of  the  two  compounds  obtained  a  result  now  known  to  be 
considerably  too  high.  In  general,  however,  the  method  of 
investigation  has  been  to  reduce  WO3  to  W  in  a  stream  of 
hydrogen  at  a  white  heat,  and  afterwards  to  reoxidize  the 
metal,  thus  getting  from  one  sample  of  material  two  results 
for  the  percentage  of  tungsten.  This  method  is  unquestion- 
ably accurate,  provided  that  the  trioxide  used  be  pure. 

The  first  experiments  which  we  need   consider  are,  as 
usual,  those  of  Berzelius.f     899  parts  WO  3  gave,  on  reduc- 
tion, 716  of  metal.     676  of  metal,  reoxidized,  gave  846  WO3. 
Henc«  these  percentages  of  W  in  WO  3  : 
79.644,  by  reduction. 
79.905,  by  oKidation. 


These  figures  are  far  too  high,  the  error  being  undoubt- 
edly due  to  the  presence  of  alkaline  impurity  in  the  trioxide 
employed. 


*Joum,  fiir  Prakt.  Chem., 
t  Po^end.  Anna!.,  8,  i. 
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Next  in  order  of  time  comes  the  work  of  Schneider,*  who^ 

with  characteristic  carefulness,  took  every  precaution  to  get 

pure  material.     His  percentages  of  tungsten  are  as  follows : 

Reduction  Serits. 

79-336 


326 
35° 
7s6.  = 


Closely  agreeing  with  these  figures  a 
published  in  the  following  year : 

Reduetion  Series. 
79-307 


J  those  of  Marchand,t 


Mean,  79.3045,  , 


Mean,  79.3365,  ±  .0105 

The  figures  obtained  by  v.  Borchl  agree 
well  with  the  foregoing.     They  are  a 
SeduiHan  Series. 


rce  in  mean  tolerably 
follows : 


*  Journ.  fur  Trakt.  Chera.,  50,  I 
+  Ann.  Chem.  Pharm.,  77,  261, 
IJourn.  fur  Prakt.  Chem.,  54,  2 
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Mean,  79.349,   d;  .0067 

Dmnas  *  gives  only  a  reduction  series,  baaed  upon  trioxide 
obtained  by  the  ignition  of  a  pure  ammonium  tungsten. 
The  reduction  was  effected  in  a  porcelain  boat,  platinum 
being  ottjectionable  on  account  of  the  tendency  of  tungstate 
to  alloy  with  it.  Dumas  publishes  only  weighings,  from 
which  I  have  calculated  the  percentages : 

2.784  grm.  WO3  gave  2.208  grm.  W. 
a.QOi  ■'  2.373 

3.649 


Mean,  79.312,  zb  .009 

The  data  furnished  by  Bernoullif  differ  widely  from  those 
just  given.  This  chemist  undoubtedly  worked  with  impure 
material,  the  trioxide  having  a  greenish  tinge.  Hence  the 
results  are  too  high.     These  are  the  percentages  of  "W : 

Reduction  Series. 
79-556 
79.526 

79-553 
79-558 
79-549 
78.736 

Mean,  79.413.   ±  .09' 
Oxidation  Series. 
79-558 
79.656 
79-555 
79-554 


*  Ann.  Chem.  Phann.,  113,  23. 
tPoBgend,  Annal.,  111,573,      ' 
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Two  reduction  experiments  by  Persoz  *  give  the  following 
results : 

1-7999  S™'-  WOj  gave  1.4274  grm.  W.  79.J04  por  cent, 

2.249  "  1.784  ■'  79.324       " 

Mean,  79.314,  zt  .O07 

Finally,  we  have  the  work  done  by  Roscoe.t  This  chem- 
ist used  a  porcelain  boat  and  tube,  and  made  six  weighings, 
after  successive  reductions  and  oxidations,  with  the  same 
sample  of  7.884  grammes  of  trioxide.  These  weighings 
give  me  the  following  five  percentages,  which,  for  the  sake 
of  uniformity  with  foregoing  series,  I  have  classified  under 
thi'  nsiial,  separate  headings : 


79.196 
79.385 
?9-3<'8 

Mea 

.  79.263, 

=  .033 

Ox 

'dalion  Se> 
79.230 
79.299 

"■ 

Mea 

,   79.2645. 

±  .0233 

There  are  still  other  experiments  by  Riche,t  which  I  have 
not  been  able  to  get  in  detail.  They  cannot  be  of  any  value, 
however,  for  they  give  to  tungsten  an  atomic  weight  of  about 
ten  units  too  low.  We  may  therefore  neglect  this  series, 
and  go  on  to  combine  the  others : 

Berieliiis 79.7745.  ±  -088 

Schneider,  Reduction 79,3156,  ±  .0112 

"         Oxidation 79.337,    ±.0010 

Marchand,  Reduction 79.3045,  ±  .0017 

"         Oxidation 79-33^5.  ±  .0105 

V.  Borch,  Reduction 79.377.    ±  .oro6 

"         Oxidation 79.349.    ±.0067 

*Zeit.  Anal.  Chem.,  3,  z6o.     1864. 

I  Ann.  Chem.  Piiarm.,  163,  368.     1872. 

IJourii.  rar  i'rakt.  Ciiem.,  69,  to.     1857. 
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Dumas 79.312,    ±.009 

Bernouilli,  Reduciion 79-413.    ±  -051 

"  Oxidation 79-58i,    ±,017 

Persoz 79-314,    ±:  -007 

Roscoe,  Reduction 79.263,    ±.023 

'•      Oxidation 79,2645,  ±  -0233 

General  mean 79-3215,  ±  .00085 

The  rejection  of  the  figures  given  by  Berzelius  and  by 
Bernoulli  exerts  an  unimportant  influence  upon  the  final 
result.  There  is,  therefore,  no  practical  objection  to  retain- 
ing them  in  the  discussion. 

In  1861  Scheibler*  deduced  the  atomic  weight  of  tungsten 
from  analyses  of  barium  metatungstate,BaO.4W03.9H20. 
In  four  experiments  he  estimated  the  barium  as  sulphate, 
getting  closely  concordant  results,  which  were,  however,  very 
far  too  low.  These,  therefore,  are  rejected.  But  from  the 
percentage  of  water  in  the  salt  a  very  good  result  was 
attained-     The  percentages  of  water  are  as  follows: 

13-053 
13-054 
13-045 


Mean,  13.0368,  zb  -O060 

The  work  of  Zettnow,t  published  in  1867,  was  somewhat 
more  complicated  than  any  of  the  foregoing  researches.  He 
prepared  the  pure  tungstates  of  silver  and  of  iron,  and  from 
their  composition  determined  the  atomic  weight  of  tungsten. 

In  the  case  of  the  iron  salt  the  method  of  working  was 
this:  The  pure,  artificial  FeWO,  was  fused  with  sodium 
carbonate,  the  resulting  sodium  tungstate  was  extracted  by 
water,  and  the  thoroughly  washed,  residual  ferric  oxide  was 
dissolved  in  hydrochloric  acid.  This  solution  was  then  re- 
duced by  nine,  and  titrated  for  iron  with  potassium  perman- 
ganate.    Corrections  were  applied  for  the  drop  in  excess  of 

*  Joum.  fiir  Prakf.  Chcm.,  83,  324- 
t  Po^end-  Annal-.  130,  30, 
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permangauate  jieeded  to  produce  distinct  reddening,  and 
for  the  iron  coiitaiued  in  the  zinc.  11.956  grammes  of  tlie 
latter  metal  contained  iron  corresponding  to  O.G  ec.  of  the 
standard  solution.  The  permanganate  was  standardized 
by  comparison  with  pure  ammonium-ferrous  sulphate, 
AmjFe(SO,)a.  6  H^O,  so  that,  in  point  of  fact,  Zettnow  es- 
tablishes directly  only  the  ratio  between  that  salt  and  the 
ferrous  tungsfate.  From  Zettnow's  four  experiments  in 
standardizing  I  find  that  1  cc.  of  bis  solution  corresponds  to 
0.0365457  grammes  of  the  double  sulphate,  with  a  probable 
error  of  ±  .0000012. 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity 
of  ferrous  tungstate  was  treated  according  to  the  process 
given  above ;  the  iron  solution  was  diluted  to  500  cc,  and 
four  titrations  made  upon  100  cc.  at  a  time.  The  second 
set  was  like  the  first,  except  that  three  titrations  were  made 
with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two 
titrations  upon  100  cc.  each  were  made.  In  sets  one  and 
two  thirty  grammes  of  zinc  were  used  for  the  reduction  of 
each,  while  in  number  three  but  twenty  grammes  were  taken. 
Zettnow's  figures,  as  given  by  him,  are  quite  complicated ; 
therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tung- 
state, in  gi-ammes,  correspond  to  1  cc.  of  permanganate 
solution : 


28367    r  Seconds, 

2836;  J 

28438  I  Third  set 


With  the  silver  tungstate,  AgjWOj,  Zettuow  employed 
two  methods.     In  two  experimeuts  the  substance  was  de- 
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_^ ...  1  by  nitric  acid,  and  the  silver  tlius  taken  into  solu- 

tion"was  titrated  with  standard  sodium  chloride.  In  three 
others  the  tungstate  was  treated  directly  with  common  salt, 
and  the  residual  silver  chloride  collected  and  weighed. 
Here  again,  on  account  of  some  complexity  in  Zettnow's 
figures,  X  am  compelled  to  reduce  his  data  to  a  common 
standard.  To  100  parts  of  AgCI  the  following  quantities  of 
AgjWOj  correspond; 

By  First  Method. 
161.665 

Me:iii.  161.634,  ±  .021 

By  Second  Method. 
161.687 
161.651 
161.613 

Mean,   161.650,  ±  .014 


Finally,  we  have  two  analyses  by  Eoscoe  of  tungsten  hex- 
chloride,  published  in  the  same  paper  with  his  results  upon 
the  trioxide.  In  one  experiment  the  chlorine  was  deter- 
mined as  AgCl ;  in  the  other  the  chloride  was  reduced  by 
hydrogen,  and  the  residual  tungsten  estimated.  By  bring- 
ing both  results  into  one  form  of  expr^sion  we  have  for  the 
percentage  of  chlorine  in  WC1„ :  * 

53-588 
53.632 

Mean,  53.610,  ±-015 

We  have  now  five  ratios  from  which  to  calculate  the 
atomic  weight  of  tungsten : 

(I.)  Percentage  of  W  in  WO3,  79-32'5.  ±  .00085 

(2.)  Percentage  of  H3O  in  BaO.4W03.9H,0,  13.0368.  ±  .0060 


actual  figures  are  as  follows  : 

19.5700  grm.  WClj  gav. 
10.4326 

i  42.4127  gri 
4.S374      ' 

a,.  AgCL 
'      tungste 
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(3.)  Am,Fe(S0,),.6H,0  ;  FeWO^  :  :  .0365457,  ±   .00 


(4-)  AgC!  :  Ag,WO,  : :  100  :  161.645,  ±  -O 
(5.)  Percent^e  of  CI  in  WCl,,  53.610,  ±  .< 


From  these 
From 

we  got  five 
(I) - 

values  for  tungsten,  as  follows 

— W  =  183.703,  ir  .041 

.. 

(3) 

iSlQJl'-l-'I^'' 

„ 

" 

(5) 

General  mea 
Or,  if  0  = 

"  =  183.639,^.109 

n "   =.  183.610,  ±  .032 

16,  then  ■•   =  184.033 

URANIUM. 

It  is  not  the  purpose  of  the  present  investigation  to  ex- 
amine at  all  systematically  such  questions  as  are  involved 
in  the  discussion  whether  the  atomic  weight  of  uranium  is 
120  or  240.  For  convenience  we  may  use  the  formula  based 
upon  the  smaller  number,  and,  if  eventually  the  larger  value 
proves  to  be  correct,  it  will  be  easy  to  double  the  figures 
which  we  obtain.  Suffice  it  to  say  here,  that  the  specific 
heat  of  the  green  oxide,  according  to  Donath,*  agrees  best 
with  the  formula  UgOt  and  the  lower  atomic  weight.  On 
the  other  hand,  the  value  240  fits  best  into  such  schemes  as 
that  given  by  Mendelejeff  in  his  paper  on  the  periodic  law. 
An  accurate  determination  of  the  specific  heat  of  the  metal 
itself  is  much  needed,  for  the  material  with  which  Regnault 
worked  was  of  uncertain  quality ;  furthermore,  the  vapor 
density  of  some  volatile  uranium  compounds  ought  to  be 
ascertained.f      Until   some   such   data   have   been   rigidly 

*Ber.  d.  Deutsch.  Chem.  Gesell.,  12,  742.     1879, 

f  The  value  of  240  for  uraaium  is  strongly  sustained  by  the  recent  experiments 
of  Zimmermann  upon  the  vapor  density  of  the  tetrachlorid  and  telrabromid.  For 
UBr,  the  vapor  density  is  19.46,  while  theory  (U  =  240)  requires  19.36,  For 
Ua,  the  V.  d.  13.33  was  found.  Theory,  13.21.  (Ber.  der  Deutsch.  Chem, 
Gesell.,  14,  s.  1934.     1881.) 
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established  the  controversy  over  the  two  rival  values  can 
hardly  be  satisfactorily  settled. 

The  earlier  attempts  to  determine  the  atomic  weight  of 
uranium  were  all  vitiated  by  the  erroneous  supposition  that 
the  uranous  oxide  was  really  the  metal.  The  supposition, 
of  course,  does  not  affect  the  weighings  and  analytical  data 
which  were  obtained,  although  these,  from  their  discordance 
with  each  other  and  with  later  and  better  results,  have  now 
only  a  historical  value. 

For  present  purposes  the  determinations  made  by  Berze- 
lius,*  by  Arfvedson,t  and  by  Marchand,!  may  be  left  quite 
out  of  account.  Berzelius  employed  various  methods,  while 
the  others  relied  upon  estimating  the  percentage  of  oxygen 
lost  upon  the  reduction  of  U3O,  to  UO.  Rammelsberg's|| 
results  also,  although  very  suggestivCj  need  no  full  discus- 
sion. He  analyzed  the  green  chloride,  UClj;  effected  the. 
synthesis  of  uranyl  sulphate  from  uranous  oxide ;  determined 
the  amount  of  residue  left  upon  the  ignition  of  the  sodio 
and  bario-uranic  acetates ;  estimated  the  quantity  of  mag- 
nesium uranate  formed  from  a  known  weight  of  UO,  and 
attempted  also  to  fix  the  ratio  between  the  green  and  the 
black  oxides.  His  figures  vary  so  widely  that  they  could 
count  for  little  in  the  establishing  of  any  general  mean ; 
and,  moreover,  they  lead  to  estimates  of  the  atomic  weight 
which  are  mostly  below  the  true  value.  For  instance,  twelve 
lots  of  UaO^  from  several  different  sources  were  reduced  to 
UO  by  heating  in  hydrogen.  The  percentages  of  loss  varied 
from  3.83  to  4.G7,  the  mean  being  4.121.  These  figures  give 
values  for  the  atomic  weight  of  uranium  ranging  from  92.66 
to  117.65,  or,  in  mean,  107.50.  Such  discordance  is  due 
partly  to  impurity  in  some  of  the  material  studied,  and 
illustrates  the  difficulties  inherent  in  the  problem  to  be 
solved.     Some  of  the  uranoso-uranic  oxide  was  prepared  by 

*  Scbweisg.  Joum.,  22,  336,      1818.      Poggend.  Anml.,  i,  359.      1825. 
t  Pi^gend.  Annal.,  i,  245.     Bevi.  Jahr.,  3,  120.     1822. 
J  Joum.  rjr  Prakt.  Chein.,23,  497.      184'. 

IIPogEcnd.  Annal.,  55,318.  1842;  5^  '^S.  1842  ;  S9.  9.  '843i  66,91,  1845. 
Joum.  fur  Prakt.  Chem.,  29,  324. 
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calcining  the  oxalate,  and  retained  an  admixture  of  car- 
bon. Many  sueli  points  were  worked  up  by  Eammelsberg 
with  much  care,  so  that  his  papers  should  be  scrupulouslj' 
studied  by  any  chemist  who  contemplates  a  redetermination 
of  the  atomic  weight  of  uranium. 

In  1841  and  1842  Peligot  published  certain  papers  *  show- 
ing that  the  atomic  weight  of  uranium  must  be  somewhere 
near  120.  A  few  years  later  the  same  chemist  published 
fuller  data  concerning  the  constant  in  question,  but  in  the 
time  intervening  between  his  earlier  and  his  final  researches 
other  determinations  were  made  by  Ebelmen  and  by  "Wer- 
theini.  These  investigations  we  may  properly  discuss  in 
chronological  order.  For  present  purposes  the  early  work 
of  Peligot  may  be  dismissed  as  only  preliminary  in  charac- 
ter. It  showed  that  what  had  been  previously  regarded  as 
metallic  uranium  was  in  reality  an  oxide,  but  gave  figure?* 
for  the  atomic  weight  of  the  metal  which  were  merely 
approximations. 

Ebelmen 'sf  determinations  of  the  atomic  weight  of  urani- 
um were  based  upon  analyses  of  uranic  oxalate-  This  salt 
was  dried  at  100°,  and  then,  in  weighed  amount,  ignited  in 
hydrogen.  The  residual  uranous  oxide  was  weighed,  and 
in  some  cases  converted  into  U3O4  by  heating  in  oxygen. 
The  following  weights  are  reduced  to  a  vacuum  standard : 


0.1644 

grm 

□xdate 

gave  7.2939  grm.  UO 

2.9985 

9.3312        " 

1.8007 

8.4690        •' 

9-99^3 
1.0887 

7.1731 
7.9610        ■' 

0.0830 

7.23S9        ■■ 

6.7940 

4.8766 

6.0594 

11.5290        '■ 

•4531 

Reducing  these  figures  to  jiercentages,  we  may  present 
the  results  in  two  columns.  Column  A  gives  the  percentages 
of  UO  in  the  oxalate,  while  B  represents  the  amount  of 
U^Oi  formed  from  100  parts  of  UO: 

•Compt.  Rend.,  12,  735.      184I.       Ann.  Chim,  Phys..  (3,)  55.      1842. 
t  Journ,  fiir  Prakl.  Cheni.,  27,  385.      1842. 
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71.767  103.867 

7i.6zi  103.920 

71.794  103.900 

71,793  

71.778  

71.790  103-930 

Mean,  71.782,  ±  ,019  Mean,   103.913,  ±  ■°°9 

From  cohimn  A,  the  molecular  weight  of  UO  =  'M-S^S-  ±  -'02 
B,  "  "  =  135-985,  ±  -326 

General  mean UO  =  134.652,  ±  .097 

From  column  A U  —  118.560 

l-'rom  general  mean  of  both  columns  .  -"  ^  1 18.689.  ±  .097 

Wertheim's*  experiments  were  even  simpler  in  character 
than  those  of  Ebelmen.  Sodio-uranie  acetate,  carefully 
dried  at  200°,  was  ignited,  leaving  the  following  percentages 
of  sodium  uranate : 

67.51508 

67-5455S 

67.50927 

Mean,  67.52331,  zb  .0076 

Hence  the  molecular  weight  of  Xa^U^O;  =  634.805, 
±  .191.     And  U  =  119.282,  ±  .048. 

The  final  results  of  Peligot'sf  investigations  appeared  in 
1846.  Both  the  oxalate  and  the  acetate  of  uranium  were 
studied  and  subjected  to  combustion  analysis.  The  oxalate 
was  scrupulously  purified  by  repeated  crystallizations,  and 
thirteen  analyses,  representing  different  fractions,  were  made. 
Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crys- 
tallizations, need  to  be  considered.     In  these  the  uranium 

*  Journ.  fur  Prakt.  Chem.,  29,  209.      1843. 
tCompt.  Rend.,  22,487. 
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was  weighed  as  U^O,,  and  the  carbon  as  CO^.  From  the 
ratio  between  the  COj  and  UjO^  the  atomic  weight  of 
uranium  may  be  calculated  without  involving  any  error 
due  to  traces  of  moisture  possibly  present  in  the  oxalate. 
I  subjoin  Peligot's  weighings,  and  give,  in  the  third  column, 
the  UgOj  proportional  to  100  parts  of  COj: 


Mean.  321.443.  ±  .338 


fOj. 

u,o,. 

1.456  grn 

4.649  grm 

1.369     ■• 

4.412     " 

2,309      " 
1,019      ■' 

7.084     " 
3.279    " 

T.069      •' 

3-447     " 

1.052      ■■ 

3.389     ■' 

Hence  U^O,  = 

423.342,  ±  .451. 

From  the  acetate,  C,H3(U0)0,.H,0,  the  following  por- 
s  of  UgOi  were  obtained : 


354  grm.  U,G 

,.          66.2715  per 

057 

66.4421        '■ 

238 

66.2386       ■■ 

541 

66.5706        " 

757 

66.3622        '■ 

920 

66.4694       " 

S97 

66.1437        " 

.,  66.3569, 


.038 


The  acetate  also  yielded  the  subjoined  percentages  of 
carbon  and  of  water.  Assuming  that  the  figures  for  carbon 
were  calculated  from  known  weights  of  dioxide,  with  C  =  12 
and  O  ^=^  16,  I  have  added  a  third  column,  in  which  the 
carbon  percentages  are  converted  into  percentages  of  CO^: 
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From  all  of  these  figures  we  may  calculate  the  molecular 
weight  of  the  uranic  acetate  as  follows : 

From  percentage  of  U3O. C,K^(UO)O^.Hfi  =  212.629.  ±     .242 


We  have  now  before  us  the  molocular  weights  of  four 
uranium  compounds,  giving  us  four  values  for  U: 

(l.)  UO  =  134.653,  ±  ,097 Ebelmen. 

(2.)  NajUjOj  =  634.865,  =h  .191 Wertheim. 

(3-)  UjO,  =  423.342.  ±  .451 Peligot. 

(+.)  CjH3{UO)Oj.HjO  =  212.685,  ±  -^H  -     " 

The  four  values  for  uranium  combine  as  follows : 

Froni(i) 

"       (2) 

'■      (3) 


u  = 

18.689 

± 

01)7 

■'  = 

19.282 

-4- 

04S 

"  = 

19,830 

:*- 

ISO 

"  = 

19.885 

± 

215 

"  = 

lg.341 

i 

041 

Or,  if  0  =  16,  U  ^  119.515,  or  239.030. 

Considering  Peligot'a  figures  by  themselves,  and  combin- 
ing values  3  and  4,  we  have  U  =  119.849,  ±  .123;  or,  if 
0  --  16,  U  =  120.125,  or  240.250. 

It  is  plain  that  the  atomic  weight  of  uranium  needs  to  be 
scrupulously  revised.  The  foregoing  figures  are  by  no 
means  satisfactory.  Chemically  considered,  it  is  probable 
that  Peligot's  work  is  the  best,  and  that  his  results  should 
be  given  preference.  His  figures  from  the  oxalate  and  the 
acetate  tally  well  with  each  other,  whereas  Ebelmen's  two 
sets  of  results  vary  widely.  From  the  percentage  of  UO 
yielded  by  the  oxalate,  Ebelmen's  figures  give  a  low  value 
for  U,  From  his  oxidation  of  UO  to  UjO,  we  get  a  value 
nearly  two  units  higher.  Peligot,  in  his  work  with  the 
oxalate,  found  it,  even  after  three  or  four  crystallizations, 
to  be  contaminated  with  oxalic  acid,  and  rejected  the  figures 
obtained  from  impure  material.  Probably  Ebelmen's  low 
values  are  due  to  the  same  impurity. 
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ALUMINUM. 


The  atomic  weight  of  aluminum  has  been  determined  by 
Berzelius,  Mather,  Tissier,  Dumas,  Isnard,  Terreil,  and 
Mallet,  The  early  calculations  of  Davy  and  of  Thomson 
we  may  properly  disregard. 

Berzelius'  *  determination  rests  upon  a  single  experiment. 
He  ignited  10  grammes  of  dry  aluminum  sulphate, 
A!j(S0j)3,  and  obtained  2.9934  grammes  of  Al^Oa  as  resi- 
due.   Hence,  if  S  =  31.987  and  0  =  15.9633,  Al  =  27.243. 

In  1835 1  Mather  published  a  single  analysis  of  aluminum 
chloride,  from  which  he  sought  to  fix  the  atomic  weight  of 
the  metal.  0,646  grm.  of  Al^Cla  gave  him  2.056  of  AgOl 
and  0.2975  of  AljOg.  These  figures  give  worthless  values 
for  Al,  and  are  included  here  only  for  the  sake  of  complete- 
ness.  From  the  ratio  between  AgCl  and  Al^Clg,  Al  =  28.925. 

Tissier'sJ  determination,  also  resting  on  a  single  experi- 
ment, appeared  in  1858.  Metallic  aluminum,  containing 
.135  per  cent,  of  sodium,  was  dissolved  in  liydrochloric  acid. 
The  solution  was  evaporated  with  nitric  acid  to  expel  all 
chlorine,  and  the  residue  was  strongly  ignited  until  only 
alumina  remained.  1.935  grm.  of  Al  gave  3.645  gi™  of 
AljOj.  If  we  correct  for  the  trace  of  sodium  in  the  alumi- 
num, we  have  Al  =  27.073. 

Essentially  the  same  method  of  determination  was  adopted 
.by  Isnard,||  who,  although  not  next  in  chronological  order, 
may  fittingly  be  mentioned  here.  He  found  that  9  grm.  of 
aluminum  gave  27  grm.  of  AljOa.     Hence  Al  =  26.938. 

In  1858  Dumas,§  in  connection  with  his  celebrated  revi- 
sion of  the  atomic  weights,  made  seven  experiments  with 
aluminum  chloride.     The  material  was  prepared  in  quantity, 

'■5 Po^end.  Aiinal.,  8,  lyy. 

fSillimu'.Amer.  Journ.,  J7,  a,,. 

J  Compl.  Rend.,  46,  1105. 

II  Compt.  Rend.,  66,  508,     1868. 

?Ann.  Chim.  Pliys,.  fj,)  55,  151.      Ann.  Cliem.  Pharm.,  113,26, 
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sublimed  over  iron  filings,  and  finally  resublimed  from 
metallic  aluminum.  Each  sample  used  was  collected  in  a 
small  glass  tube,  after  sublimation  from  aluminum  in  a 
a  stream  of  dry  hydrogen,  and  hermetically  enclosed.  Hav- 
ing been  weighed  in  the  tube,  it  was  dissolved  in  water,  and 
the  quantity  of  silver  necessary  for  precipitating  the  chlo- 
rine was  determined.  Reducing  to  a  common  standard,  his 
weighings  give  the  quantities  of  AljOlj  stated  in  the  third 
column,  as  proportional  to  100  parts  of  silver: 
5  erai.  A1,CI,  =  4,543  grm-  Ag. 


1.697 
4.3 '65 
6.728 

In  the  second  e 


5525 


■459 — "ad. 
348 


355 


of 


ixperiment  the  AljCl^  contained 
iron.     Rejecting  this  experiment  the  remaining  six  give  a 
mean  of  41.344,  ±  .007.    Hence  AI  =  27.441,  ±  .082. 

In  consequence  of  these  figures  of  Dumas,  the  atomic 
weight  of  aluminum  has  generally  of  late  years  been  put  at 
27.5,  and  the  lower  results  deduced  from  the  work  of  other 
investigators  have  been  disregarded. 

In  1879  Terrell*  published  a  new  determination  of  the 
atomic  weight  under  consideration,  based  upon  a  direct 
comparison  of  the  metal  with  hydrogen.  Metallic  alumi- 
num, contained  in  a  tube  of  hard  glass,  was  heated  strongly 
in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was  set 
free,  and  was  collected  over  a  strong  solution  of  caustitt 
potash.  0.410  grm.  of  aluminum  thus  were  found  equiva^ 
lent  to  508.2  cc,  or  .0455  grm.  of  hydrogen.  Hence  Al  = 
27.033. 

About  a  year  after  Terrell's  determination  appeared  the 
lower  value  for  aluminum  was  thoroughly  confirmed  by  J. 
\V.  Mallet-t  After  giving  a  full  resume  of  the  work  done 
by  others,  exclusive  of  Isnard,  the  author  describes  his  own 
experiments,  which  may  be  summarized  as  follows: 

*  Bnlletin  de  la  Soc.  Chimique,  31,  153. 
f  Phil.  Trans.,  1880,  p.  1003. 
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Four  metliods  of  determination  were  employed,  each  one 
simple  and  direct,  and  at  the  same  time  independent  of  the 
others.  First,  pure  ammonia  alum  was  calcined,  and  the 
residue  of  aluminum  oxide  was  estimated.  Second,  alumi- 
num bromide  was  titrated  with  a  standard  solution  of  silver. 
Third,  metallic  aluminum  was  attacked  by  caustic  soda, 
and  the  hydrogen  evolved  was  measured.  Fourth,  hydro- 
gen was  set  free  by  aluminum,  and  weighed  as  water. 
Every  weight  was  carefully  verified,  the  verification  being 
based  upon  the  direct  comparison,  by  J.  E.  Hilgard,  of  a 
kilogramme  weight  with  the  standard  kilogramme  at  Wash- 
ington. The  specific  gravity  of  each  piece  was  determined, 
and  also  of  all  materials  and  vessels  used  in  the  weighings. 
During  each  weighing  both  barometer  and  thermometer 
were  observed,  so  that  every  result  represents  a  real  weight 
in  vacuo. 

The  ammonium  alum  used  in  the  first  series  of  experi- 
ments was  specially  prepared,  and  was  absolutely  free  from 
ascertainable  impurities.  The  salt  was  found,  however,  to 
lose  traces  of  water  at  ordinary  temperatures;  a  circum- 
stance which  tended  towards  a  slight  elevation  of  the  appar- 
ent atomic  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  sets  of  experiments  were  made  with  the 
alum ;  one  upon  a  sample  air-dried  for  two  hours  at  21°-25°, 
the  other  upon  material  dried  for  twenty-four  hours  at 
19°-26°.  These  sets,  marked  A  and  B  respectively,  differ 
slightly ;  B  being  the  less  trustworthy  of  the  two,  judged 
from  a  chemical  standpoint.  Mathematically  it  is  the  better 
of  the  two.  Calcination  was  effected  with  a  great  variety  of 
precautions,  concerning  which  the  original  memoir  must  be 
consulted.  To  Mallet's  weighings  I  append  the  percentage 
of  AljOg  deduced  from  them: 


.2144  £"■ 

.  of  the  alum  gav 

■925S  g 

.0378 

■SSjS 

.6201 

.2227 

•S435 

: 

.1.33; 

,.2657 
1.2216 
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12.1023  g™.  of  tt 
10.4544 


.76;o 
.9654 
■5528 


1,287  P^'  ' 
1,283       " 


Combined,  these  scries  give  a  general  mean  of  11.2793,  zfc 
.0008.    Hence  Al  =  27.075,  ±  .011. 

The  aluminum  bromide  used  in  the  second  series  of  ex- 
periments was  prepared  by  the  direct  action  of  bromine 
upon  the  metal.  The  product  was  repeatedly  distilled,  the 
earlier  portions  of  each  distillate  being  rejected,  until  a  con- 
stant boiling  point  of  263.°3  at  747  mm.  pressure  was  noted. 
The  last  distillation  was  effected  in  an  atmosphere  of  pure 
nitrogen,  in  order  to  avoid  the  possible  formation  of  oxide 
or  oxy-bromide  of  aluminum ;  and  the  distillate  was  col- 
lected in  three  portions,  which  proved  to  be  sei^ibly  identi- 
cal. The  individual  samples  of  bromide  were  collected  in 
thin  glass  tabes,  which  were  hermetically  sealed  after  nearly 
filling.  For  the  titration  pure  silver  was  prepared,  and 
after  fusion  upon  charcoal  it  was  heated  in  a  Sprengel  vac- 
uum in  order  to  eliminate  occluded  gases.  This  silver  was 
dissolved  in  specially  purified  nitric  acid,  the  latter  but  very 
slightly  in  excess.  The  aluminum  bromide,  weighed  in  the 
sealed  tube,  was  dissolved  in  water,  precautions  being  taken 
to  avoid  any  loss  by  splashing  or  fuming  which  might  re- 
sult from  the  violence  of  the  action.  To  the  solution  thus 
obtained  the  silver  solution  was  added,  the  silver  being 
something  less  than  a  decigramme  in  deficiency.  The  re- 
maining amount  of  silver  needed  to  complete  the  precipita- 
tion of  the  bromine  was  added  from  a  burette,  in  the  form 
of  a  standard  solution  containing  one  milligramme  of  metal 
to  each  cubic  centimetre.  The  final  results  were  as  follows, 
the  figures  in  the  third  column  representing  the  quantities 
of  bromide  proportional  to  100  parts  of  silver.  Series  A  is 
from  the  first  portion  of  the  last  distillate  of  AljErj;  series 
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B  from  the  second  poi-tioii,  and  series  C  from  the  third 
portion : 


6.0024  g''i>>  AljBr,  =  7.2793  grm.  Ag. 

82.458 

8,6492 

10,4897         " 

82.454 

3.180S 

3-8573         ■' 
Series  B. 

82.462 

6.9617 

8.4429 

82.456 

1 1. 2041 

13,5897          " 

82.445 

3.7621 

4.5624         '■ 

82.459 

5.284^ 

6.4085          " 

82,456 

97338 

n.8047          ■' 
Series  C. 

82,457 

9.35'5 

11,3424        " 

82,447 

4,4426 

5-3877         ■' 

82,458 

5.2750 

6.397  s 

82,454 

Hence  Al  ^  27.046, 


.061. 


The  high  probable  error  of  this  result  is  due  to  the  high 
probable  error  of  the  atomic  weight  of  bromine. 

The  experiments  to  determine  the  amount  of  hydrogen 
evolved  by  the  action  of  caustic  soda  upon  metallic  alumi- 
num were  conducted  with  pure  metal,  specially  prepared, 
and  with  caustic  soda  made  from  sodium.  The  soda  solu- 
tion was  so  strong  as  to  scarcely  lose  a  perceptible  amount 
of  water  by  the  passage  through  it  of  a  dry  gas  at  ordinary 
temperature.  As  the  details  of  the  experiments  are  some- 
what complex,  the  original  memoir  must  be  consulted  for 
them.  The  following  results  were  obtained,  the  weight  of 
the  hydrogen  being  calculated  from  the  volume,  by  Reg- 
nault's  data  corrected  for  the  latitude  and  elevation  of  the 
University  of  Virginia : 


Weight  ofAI. 

Vol.  o/If. 

.3697  grm. 

45S.S  c,  c. 

.3769     " 

467.9    " 

.3620    " 

449.1    " 

.7579    " 

941-5    " 

■7314    " 
-7541     ■' 

907.9    '■ 
936.4    '■ 

iVl.  of  II. 

Al. 

04106  grm. 

27, 

04187     " 

27, 

04019     " 

27. 

08425     ■' 

26, 

08125      ■' 

27. 

083S0     " 

26, 

Men 

1,    27,C 
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The  closing  series  of  experiments  was  made  with  larger 
quantities  of  aluminum  than  were  used  in  the  foregoing 
set.  The  hydrogen,  evolved  by  the  action  of  the  caustic 
alkali,  was  dried  by  passing  it  through  two  drying  tubes 
containing  pumice  stone  and  sulphuric  acid,  and  two  others 
containing  asbestos  and  phosphorus  pentoxide.  Thence  it 
passed  through  a  combustion  tube  containing  copper  oxide 
heated  to  redness.  A  stream  of  dry  nitrogen  was  employed 
to  sweep  the  last  traces  of  hydrogen  into  the  combustion 
tube,  and  dry  air  was  afterwards  passed  through  the  entire 
apparatus  to  reoxidize  the  surface  of  reduced  copper,  and  to 
prevent  the  retention  of  occluded  hydrogen.  The  water 
formed  by  the  oxidation  of  the  hydrogen  was  collected  in 
three  drying  tubes.  The  results  obtained  were  as  follows. 
The  third  column  gives  the  amount  of  water  formed  from 
10  grammes  of  aluminum  : 


2.1704  grra.  Al  gave 

2-9355 

5,2632 


9. 9785 
9.9867 


Hence  Al  ^  2 


)8,  ±  .007. 


In  combining  the  various  determinations  of  the  atomic 
weight  of  aluminum  into  one  general  mean,  we  must  arbi- 
trarily assign  weight  to  the  single  experiments  of  Berzelius, 
Isnard,  Tissicr,  and  Terreil.  This  may  fairly  be  done  by 
giving  to  each  the  probable  error,  and  therefore  the  weight, 
of  a  single  observation  in  Dumas'  series.  Mather's  work 
may  be  ignored  altogether : 


J^^'^" — -, 

, 

Mallet' 

alum 
AI.^Br 
H 
H,0 

xperi 

nents, ' 

Al  ^  27.243,  zi= 

=  27.096,  ± 

=  26.93S,  =fc 

=  27.441,  ± 

=  27.033.  ± 

=  27-075.  ± 

:r^  27.046,  ± 

=  27.005,  ± 

=  27.0092,  zb 
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If  O  =  10,  Ai  =  27.07.").  Taking  MulletV  work  alone, 
Al  =  27.0089,  ±  .0028. 

Evidently  all  the  data  except  Mallei's  might  bo  rejeoted 
without  affecting  sensibly  the  final  result.  Dumas'  work  is 
clearly  vitiated  by  constant  errors,  but  the  determinations 
by  Isnard,  Tissier,  and  Terrell  may  be  regarded  »s  having 
some  confirmative  value. 


GOLD. 

The  only  determinations  of  the  atomic  weight  of  gold 
which  are  worthy  of  consideration  are  those  of  Berzelius 
and  of  Level. 

The  earliest  method  adopted  by  Berzelius*  was  that  of 
precipitating  a  solution  of  gold  chloride  by  means  of  a 
weighed  quantity  of  metallic  mercury.  The  weight  of  gold 
thus  thrown  down  gave  the  ratio  between  the  atomic  weights 
of  the  two  metals.  In  the  single  experiment  which  Ber- 
zelius publishes,  142.9  parts  of  Hg  precipitated  93.55  of  An. 
Hence,  using  the  value  for  mercury  given  in  a  precedmg 
chapter,  199.712,  Au  =  196.113. 

In  a  later  investigationf  Berzelius  resorted  to  the  analysis 
of  potassio^inric  chloride,  2KCl.AuCl,.  Weighed  quanti- 
ties of  this  salt  were  ignited  in  hydrogen ;  the  resuitmg  gold 
and  potassium  chloride  were  separated  by  means  of  water, 
and  both  were  collected  and  estimated.  The  loss  of  weight 
upon  ignition  was,  of  course,  chlorine.  As  the  salt  could 
not  be  perfectly  dried  without  loss  of  chlorine,  the  atomic 
weight  under  investigation  must  be  determined  by  the 
ratio  between  the  KCl  and  the  An.  If  we  reduce  to  a  com- 
mon standard,  and  compare  with  100  ports  of  KCl,  the 
equivalent  amounts  of  gold  will  be  those  which  I  give  in 
the  last  of  the  subjoined  columns : 

*  Poggend.  Annal.,S,  177. 
f  Lchrhuch.  5  Aufl.,  3.  1212. 
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4.1445  gnii.K,  All  CI 

gave 

8185  grm 

KCi  and 

2,2495 

44425 

5.1300 

I 

OI37S 

3.4130 

674 

4.19975 

.8295 

Hence  Au  = 

196.186,  ± 

101. 

■  263.775 
263,81s 

263,687 
263.773 


Still  a  third  series  of  experiments  by  Berzelius  *  may  be 
included  here.  In  order  to  establish  the  atomic  weight  of 
phosphorus  lie  employed  that  substance  to  precipitate  gold 
from  a  solution  of  gold  chloride  in  excess.  Between  the 
weight  of  phosphorus  taken  and  the  weight  of  gold  ob- 
tained it  was  easy  to  fix  a  ratio.  Since  the  atomic  weight 
of  phosphorus  has  been  better  established  by  other  methods, 
we  may  properly  reverse  this  ratio  and  apply  it  to  our  dis- 
cussion of  gold.  100  parts  of  P  precipitate  the  quantities  of 
Au  given  in  the  third  column  : 

.829  grm.  P  precipitated  8.714  grm.  Ail.  1051.15 


Hence  Au  =  195.303,  ±  .589. 

Levol's  t  estimation  of  the  atomic  weight  under  considera- 
tion can  hardly  have  much  value.  A  weighed  quantity  of 
gold  was  converted  in  a  flask  into  AuClj.  This  was  reduced 
by  a  stream  of  sulphur  dioxide,  and  the  resulting  sulphuric 
acid  was  determined  as  BaSO,.  One  gramme  of  gold  gave 
1.782  grm.  BaSO,.     Hence  Au  =  195.794. 

If  we  give  this  single  experiment  and  Berzelius'  single 
result  with  mercury  each  equal  weight  with  one  analysis  in 
the  potassio-auric  chloride  series,  and  include  respectively 
the  probable  errors  appertaining  to  Hg  and  to  BaSO^,  wo 
may  combine  all  the  data  as  follows : 


*  Lehrbuch,  5  Aufl.,  3,  118S. 

t  Ann.  d.  Chim.  tl  d.  Phys.,  (3,)  30,  355-      '8;o. 
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From  KCI  ;  Au  ratio Au  =,  196.1S6,  ±     ,101 

From  Hg  :  Au  ratio "   =  196,113,  ±    .335 

From  P  :  Au  ratio '•   =  195.303,  ±    -SSg 

From  BaSO,  :  Au  ratio "   =  195.794,  ±:  1.234 

General  mean "    =  I96.155,  i     .095 

Or,  if  0  =  16,  Au  =  196.606. 

As  gbld  is  a  metal  wiiich  can  be  readily  applied  to  tlie 
determination  of  the  atomic  weights  of  other  elements,  an 
experimental  revision  of  its  atomic  weight  is  very  desirable. 


NICKEL  AND  COBALT. 

On  account  of  the  close  similarity  of  these  metals  to  each 
other,  their  atomic  weights,  approximately  if  not  actually 
identical,  have  received  of  late  years  much  attention. 

The  first  determinations,  and  the  only  ones  up  to  1852, 
were  made  by  Rothhoff;*  each  with  but  a  single  experi- 
ment. For  nickel  188  parts  of  the  monoxide  were  dissolved 
in  hydrochloric  acid ;  the  solution  was  evaporated  to  dry- 
ness, the  residue  was  dissolved  in  water,  and  precipitated 
by  silver  nitrate,  718.2  parts  of  silver  chloride  were  thus 
formed ;  whence  Ni  =  58.925.  The  same  process  was  applied 
also  to  cobalt,  269.2  parts  of  the  oxide  being  found  equiva- 
lent to  1029.9  of  AgCl.  Hence  Co  =  58.817.  These  values 
are  so  nearly  equal  that  their  differences  were  naturally 
aseribable  to  experimental  errors.  They  arc,  however,  en- 
titled to  no  special  weight  at  present,  since  it  cannot  be 
certain  from  any  evidence  recorded  that  the  oxide  of  either 
metal  was  absolutely  free  from  traces  of  the  other. 

In  1852  Erdmaim  and  Marchandf  published  some  re- 
sults, but  without  details,  concerning  the  atomic  weight  of 
nickel.     They  reduced  the  oxide  by  heating  in  a  current  of 

*  Cited  by  Berielius.     Pog^end.  Annal.,  8, 184.     1826. 
t  Journ.  mr  Prakt.  Chem.,  55,  202.     1852. 
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hydrogen,  and  obtained  values  ranging  from  58.2  to  58.6, 
when  0  —  16-  Their  results  were  not  very  concordant,  and 
the  lowest  was  probably  the  best. 

In  1856,  incidentally  to  other  work,  Deville*  found  that 
100  parts  of  pure  metallic  nickel  yielded  262  of  sulphate ; 
whence  Ni  ^^  59.15. 

To  none  of  the  foregoing  estimations  can  any  importance 
now  be  attached.  The  modern  discussion  of  the  atomic 
weights  under  consideration  began  with  the  researches  of 
Schneider  t  in  1857.  This  chemist  examined  the  oxalates 
of  both  metals,  determining  carbon  by  the  combustion  of 
the  salts  with  copper  oxide  in  a  stream  of  dry  air.  The 
carbon  dioxide  thus  formed  was  collected  as  usual  in  a 
potash  bulb,  which,  in  weighing,  was  counterpoised  by  a 
similar  bulb,  so  as  to  eliminate  errors  due  to  the  hygroscopic 
character  of  the  glass.  The  metal  in  each  oxalate  was  esti- 
mated, first  by  ignition  in  a  stream  of  dry  air,  followed  by 
intense  heating  in  hydrogen.  Pure  nickel  or  cobalt  was 
left  behind  in  good  condition  for  weighing.  Four  analyses 
of  each  oxalate  were  made,  with  the  results  given  below. 
The  nickel  salt  contained  three  molecules  of  water,  and  the 
cobalt  salt  two  molecules ; 

1. 1945  grm.  gave     -S^S    grm.  CO,.  44-303  !>er  cciil. 

2.5555  "  '-'2625        ■'  44.0; 

3.199  "  1.408  '■  44.01 

5,020  "  2.214  "  44. It 

Mean,  44,098,  ±  .027 

The  following  percentages  of  nickel  were  found  in  this 
salt: 

29, 107 

Mean,  29.084,   i;  .006 

*Ann.  Chim.  Phys.,  (3,)  46,  182,     1856, 
f  Poggend.  Annal.,  101,387,     1857. 
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'■'JJSS  grni-  g^^e  -781  grm.  CO^.  47-753  per  eem. 

1.107            '■  ,5295  "       _  47.832       '■ 

2.309            ■'  1, 101  "       ■  47.683       " 

3,007            "  1.435  "  47-7^2       " 

Mmii,  47-7475.  ±  .02'3 

The  following  were  the  percentages  found  for  cobalt : 

32-552 
32.619 
32.528 
32-523 


In  a  later  paper*  Schneider  also  gives  some  results  ob- 
tained with  a  nickel  oxalate  containing  but  two  molecules 
of  water.  This  gave  him  47.605  per  cent,  of  CO2,  and  the 
following  percentages  of  nickel : 


Mean,  31.4076,  ±  .0026 

The  conclusion  at  which  Schneider  arrived  was,  that  the 
atomic  weights  of  cobalt  and  nickel  are  not  identical,  being 
about  60  and  58  respectively.  The  percentages  given  above 
will  be  discussed  at  the  end  of  this  chapter  in  connection 
with  all  the  other  data  relative  to  the  constants  in  question. 

The  next  chemist  to  take  up  the  discussion  of  these  atomic 
weights  was  Marignac,  in  1857.t  His  original  paper  is  not 
accessible  to  me,  and  I  am  therefore  obliged  to  give  only 
such  features  of  it  as  I  can  get  from  abstracts  and  reviews. 
He  worked  with  the  chlorides  and  sulphates  of  nickel  and 
cobalt,  using  apparently  common  gravimetric  methods. 
The  sulphates,  taken  as  anhydrous,  were  first  ignited  to 
expel  SOgH-  0,  after  which  the  residues  were  heated  with 
weighed  amounts  of  lead  silicate.     The  increase  in  weight 

*  Pi^end.  Annal.,  107,  6i5. 

t  Jahresberichi,  1857,  225.      Bibl.  Univ.  de  Ge:ieve,  (nonv,  s.,)  i,  373. 
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was  CoO  or  NiO  respectively.  The  anhydrous  chlorides 
were  prepared  from  the  hydrated  salts  by  ignition  in  dry 
chlorine  or  hydrochloric  acid.  With  cobalt,  the  monohy- 
drated  chloride,  dried  at  100°,  was  also  employed.  For 
nickel  be  gives  the  following  values,  referred  probably  to 
0  =  16,  S  --  32,  Ag  ^  108,  CI  =  35.5 : 

From  NiSO^ Ni  =  58.4  to  59.0 

"      NiCl^ "  =  5S-4  "  59-28 

To  cobalt  these  values  are  assigned : 

From  CoSO,,_ Co  =  58,64  to  58.76 

"      CoClj.H,0 "   =58.84"  59-02 

"      CoClj '■    ==58.73"  S9.D2 

That  is,  contrary  to  Schneider's  view,  the  two  atomic 
weights  are  approximately  the  same.  The  values  for  nickel, 
however,  run  a  little  lower  than  those  for  cobalt;  a  fact 
which  is  probably  not  without  significance.  Marignac  crit- 
icizes Schneider's  earlier  paper,  holding  that  the  nickel 
oxalate  may  have  contained  some  free  oxalic  acid,  and  that 
the  cobalt  salt  was  possibly  contaminated  with  carbonate  or 
with  basic  compounds.  In  his  later  papers  Schneider  rejects 
these  suggestions  as  unfounded,  and  in  turn  criticizes  Ma- 
rignac. The  purity  of  anhydrous  NiSO,  is  not  easy  to 
guarantee,  and,  according  to  Schneider,  the  anhydrous  chlo- 
rides of  cobalt  and  nickel  are  liable  to  be  contaminated  with 
oxides.  This  is  the  case  even  when  the  chlorides  are  heated 
in  chlorine,  unless  the  gas  is  carefully  freed  from  all  traces 
of  air  and  moisture. 

Dumas'  *  determinations  of  the  two  atomic  weights  were 
made  with  the  chlorides  of  nickel  and  cobalt.  The  pure 
metals  were  dissolved  in  aqua  regia,  the  solutions  were 
repeatedly  evaporated  to  dryness,  and  the  residual  chlorides 
were  ignited  in  dry  hydrochloric  acid  gas.  The  last  two 
estimations  in  the  nickel  series  were  made  upon  NiCl^ 
formed  by  heating  the  spongy  metal  in  pure  chlorine.  In 
the  third  column  I  give  the  NiCl^  or  CoClj,  equivalent  to 
100  parts  of  silver : 

*Ann.  Chem.  Fiiarm,,  113,  25.      i860. 
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.9123  grm.  NiCli=  1.515 
2.29s  "  3-8115 

3'290  "  5-464 


These  results  give  values  for  Co  and  Ni  differing  by  less 
than  a  tenth  of  a  unit;  here,  as  elsewhere,  the  figure  for  Ni 
being  a  trifle  the  lower. 

In  1863*  the  idea  that  nickel  and  cobalt  have  equal 
atomic  weights  was  strengthened  by  the  researches  of  Russell. 
He  found  that  the  black  oxide  of  cobalt,  by  intense  heating 
in  an  atmosphere  of  carbon  dioxide,  became  converted  into 
a  bi-own  monoxide  of  constant  composition.  The  ordinarj' 
oxide  of  nickel,  on  the  other  hand,  was  sho\vn  to  be  convert- 
ible into  a  definite  monoxide  by  simple  heating  over  the  blast 
lamp.  The  pure  oxides  of  the  two  metals,  thus  obtained, 
were  reduced  by  ignition  in  hydrogen,  and  their  exact  com- 
position thus  ascertained.  Several  samples  of  each  oxide 
were  taken,  yielding  the  following  percentages  of  metal : 


78.597 

78.584   f- '^t  sample. 

78.608  ■• 

78.581   ) 

78.589   [^'1^'^Pl'^' 

78.583  ' 

78.6.5  ) 

78,590  [3d  sample. 

7S.588  ' 

78.590 

78.594 
78.597 

4th  sample. 

78.5S8 

Mean  of  ail,  78.593, 

±.0018 

L.  Chem,  Soe.,  {2,)  i,  51. 
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These  percentages  are  practically  identical,  and  lead  to 
essentially  the  same  mean  value  for  each  atomic  weight. 

In  a  later  paper  Russell*  confirmed  the  foregoing  results 
by  a  different  process.  He  dissolved  metallic  nickel  and 
cobalt  in  hydrochloric  acid  and  measured  the  hydrogen 
evolved.  Thus  the  ratio  between  the  metal  and  the  ulti- 
mate standard  was  fixed  without  the  intervention  of  any 
other  element.  About  two-tenths  of  a  gramme  of  metal,  or 
less,  was  taken  in  each  experiment.  100  parts  by  weight  of 
Co  or  Ni  give  the  following  weights  of  H,  calculated  from 
the  volume  of  the  latter : 


3-418 
3416 
3417 


3-395  1 
3-398  I   , 
3-397  [ 
3-398  J 

3.401  > 


1.  Ciiem.  Soe.,  (3,)  7,494- 
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3-39S  1  3.404  I     , 

3.409    Uds.mpk.  3.405  /^'^'""'P"- 

3-404  '  3.410  ■, 

3.401 — 3d  sample.  3.407  |4'"^^"'P^- 

3.412  I  — 

3.408   Wtli  sample.  Mean  of  all,  3.4017,  ±  .OO09 

;.4io  t 

Mean  of  all,  3.41 1.  ±  .O0[ 

A  glance  at  the  tabulated  discussion  which  closes  this 
chapter  will  show  that  these  figures  agree  well  with  each 
other,  and  well  with  those  found  from  the  analyses  of  the 
oxides.  The  probable  errors  assigned  in  the  hydrogen 
series  may  be  a  little  too  low,  since  they  ought  to  be  modi- 
fied by  the  probable  error  of  the  weight  of  a  unit  volume 
of  hydrogen.  So  insignificant  a  correction  may,  however, 
be  neglected. 

Some  time  after  the  publication  of  Russell's  first  paper, 
but  before  the  appearance  of  his  second,  some  other  investi- 
gations were  made  known.  Of  these  the  first  was  by  Som- 
maruga,*  whose  results,  obtained  by  novel  methods,  closely 
confirmed  those  of  Schneider  and  antagonized  those  of  Du- 
mas, Marignac,  and  Russell.  The  atomic  weight  of  nickel 
Sommaruga  deduced  from  analyses  of  the  nickel  potassium 
sulphate,  K,Ni(SO,),.(>H,0,  which,  dried  at  100°,  has  a 
perfectly  definite  composition.  In  this  salt  the  sulphuric 
acid  was  determined  in  the  usual  way  as  barium  sulphate, 
a  process  to  which  there  are  obvious  objections.  In  the 
third  column  are  given  the  quantities  of  the  nickel  salt  pro- 
portional to  100  parts  of  BaSO^  : 


J.979S  grni.  gay 

1.0462 

grm 

BaSO,. 

93.653 

-OS37 

1.1251 

93-654 

.oSoz 

'.'535 

• 

93-&45 

.1S65 
.2100 

1.2669 
3-4277 

! 

93-654 
93-6+9 

.2124 

3.4303 

93.64S 

Mea 

n,  93-6505. 

±  .00 

*  Sitiungsb.  Wien  Akad.,  54.  2  Abth.,  50. 
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For  cobalt  Sommaruga  used  the  purpureo  cobalt  chloride 
of  Gibbs  and  Gonth.  This  salt,  dried  at  110°,  is  anhydrous 
and  stable.  Heated  hotter,  C0CI3  remains.  The  latter,  ig- 
nited in  hydrogen,  yields  metallic  cobalt.  In  every  experi- 
ment the  preliminary  heating  must  be  carried  on  cautiously 
until  ammoniacal  fumes  no  longer  appear : 

23.S58  per  cent. 

33.814      ■■ 

23.846  '■ 
23.8I3      ■' 

23.847  ■' 
23.806  ■■ 
23,808      ■■ 

Mean,  23.827,   ±  .oofi 

Further  along  this  series  will  be  combined  with  a  similar 
one  by  Lee.  It  may  here  be  said  that  Sommaruga's  paper 
was  quickly  followed  by  a  critical  essay  from  Schneider,* 
endorsing  the  former's  work,  and  objecting  to  the  results  of 


6656  gr 

.1588  grm.  C 

0918 

.2600    ■■ 

9058 

.2160 

5895 

■3785    •' 

9167 

>■ 

■6957    •■ 

8390 
5010 

.4378    " 
.5968    ■' 

In  1867  still  another  new  process  for  the  estimation  of 
these  atomic  weights  was  put  forward  by  Winkler,t  who 
determined  the  amount  of  gold  which  pure  metallic  nickel 
and  cobalt  could  precipitate  from  a  neutral  solution  of  sodio- 
auric  chloride.  Experimentally,  the  method  seems  to  be 
quite  accurate ;  practically,  it  involves  a  knowledge  of  the 
defectively  ascertained  atomic  weight  of  gold.  In  order  to 
obtain  pure  cobalt  Winkler  prepared  purpureo-cobalt  chlo- 
ride, which,  having  been  four  or  five  times  recrystallized, 
was  ignited  in  hydrogen.  His  nickel  was  repeatedly  puri- 
fied by  precipitation  with  sodium  hypochlorite.  From  ma- 
terial thus  obtained  pure  nickel  chloride  was  prepared, 
which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydrogen.  100  parts  of  gold  are  precipitated  by  the 
quantities  of  nickel  and  cobalt  given  in  the  third  columns 
respectively.     In  the  cobalt  series  I  include  one  experiment 
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by  Weaelsky  which  was  published  by  him  in  a  paper  pres- 
ently to  be  cited : 

.4360  grm.  nickel  precipitated  .9648  grm,  gold.      45.191 


.4367 

.9666 

45. '79 

.5189 

■'457 

45-29' 

.6002 

.3286 

Mean 

45- '75 

45.309.  ±  -Ot9 

.5890  gnn.  cobalt  pre 

cLpitated 

1-3045  grm 

gold 

45.>5i 

■3147 

.6981 

45.080 

.5829 
.51" 

1. 2913 
1. 1312 

45-141 
45.182 

.5821 

45-307 

■  559 

1,24' 

45-044— Weselsky 

Weaelsky's  paper,*  already  cited,  relates  only  to  cobalt. 
He  ignited  t^e  cobalticyanides  of  ammonium  and  of  phe- 
nylammonium  in  hydrogen,  and  from  the  determinations 
of  cobalt  thus  made  deduced  its  atomic  weight.  His  results 
are  as  follows ; 

■7575  gi-m-  (NHJjCo.Cy,j  gave  .166  grm.  Co.       21.9I4  per  cent. 
.5143  ■'  -"3  "  21-972       " 

Mean,  21.943,  ±  .029 

.8529  grm.  (C,HsN),C05Cy,j  gave  .1010  grm.  Co.     u.842  per  cent. 
.6m2  '■  .0723        "  11.829      " 

.7140  "  .0850        "  11,905       " 


Mean,  11,8665,  ±  -O'H 

Finally,  we  come  to  the  work  done  by  Leef  in  the  labora- 
tory of  Woleott  Gibbs.  Like  Weselsky,  Lee  ignited  certain 
cobalticyanides  and  nickclocyanides  in  hydrogen  and  deter- 
mined the  residual  metal.  The  double  cyanides  chosen 
were  those  of  strychnia  and  brucia ;  salts  of  very  high  mo- 
lecular weight,  in  which  the  percentages  of  metal  are  rela- 
tively low,     A  series  of  experiments  with  purpureo-cobalt 

■■■  Ber.  d.  Deutsch.  Chem.  Gesell.,  2,  592.     1868. 
|Am,  Journ.  Scl,  andArt-..  (3.)2,44.      r871.      . 
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chloride  was  also  carried  out.  In  order  to  avoid  admixture 
of  carbon  in  the  metallic  residues,  the  salts  were  first  ignited 
in  air,  and  then  in  oxygen.  Reduction  by  hydrogen  fol- 
lowed. The  salts  were  in  each  ease  covered  by  a  porous 
septum  of  earthenware,  through  which  the  hydrogen  dif- 
fused, and  which  served  to  prevent  the  mechanical  carrying 
away  of  solid  particles ;  furthermore,  heat  was  applied  from 
above.  The  results  attained  were  very  satisfactory,  and 
assign  to  nickel  and  cobalt  atomic  weights  varying  from 
each  other  by  about  a  unit;  Ni  being  nearly  58,  and  Go 
about  59.  The  exact  figures  will  appear  later.  The  cobalt 
results  agree  remarkably  well  with  those  of  Weselsky.  The 
following  are  the  percentages  of  metal  found : 


In  bruda 

ni<itUcy<imdf,Ni^Cy^^(C^H^!f^O,)tffi 

.roH,0. 

5-724 

5.729 

5.750 

5.733 

5.712 

5.729 

Mean,  5.7295. 

di  .0034 

In  strychnia  nu&elocyanidi,  Ni^Cy-a{C.aH^^N^O^^.H^.SH^O. 

6.613 
6.589 

6.561 
6-595 

Mean,  6.595,  ±  .005 

In  brucia  cobaHicyanidi.  Co^Cy^^{C^H^^N.fi^\.n^-2oH^O, 

3.759 
3.720 
3-739 
3-748 
3.747 
3-749 

Mean,  3.7437.  ±  -0036 
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In  shychnia  cobalticyaaide,  Co.^Cy,i{C^yH^^r/.. 0.^)^.11^.8/1^^0. 
4-583 
4S9fi 


Mean,  4.5705,  ±  .005 


o-cobale  chloride,  Co.,{NH, 

gC/j 

=3-575 

23-587 

23.586 

23-5?9 

23-569 

23.581 

Mean,  23.5795,   ±  .0019 

The  last  series  may  be  combined  with  Sommaruga's,  thus  : 

Sommaruga 23.827,     ±.006 

I.ee Z3-579S-  ±  -'>"9 

General  mean 23,6045,  ±  ,0018 

In  discnssing  tiio  atomic  M'eights  of  nickel  and  cobalt,  we 
may  ignore  the  work  of  Rothhoff,  Erdmann  and  Marchand 
and  Deville.  That  of  Marignac  must  also  be  omitted,  for> 
want  of  sufficient  data.  For  nickel  we  have  the  following 
ratios.  The  probable  error  assigned  in  No.  4,  is  that  of  a 
single  experiment  in  No.  2 : 

(i.)  fer  cent,  of  Ni  in       NiCjO,.3HjO,  29.084,  ±  .006 
COj  from  "  44.098,  ±  .027 

Ni  in      NiCjO,.2HjO,  JI.4076,  ±  .0026 
COj  from  "  47,605,  ±  .053 

Ni  in  NiO,  78.593,  ±  .0018 
"    bnicia  nickelocyaiiide,  5.7295,  ±  .0034 
"     strychnia.        "  &-595i  =b  -005 

1 :  60.1992,  ±  .0062 


)  Ag  :  NiCl,  ; 
)  Ni  :  H  ;  :  IC 
)  Au  :  Ni  ; 


:  45-209,  ; 


]   BaSO,  ;  K5Ni(SO^),.6H,0  : 


Since  the  proportion  of  water  in  the  oxalates  is  not  an 
absolutely  certain  quantity,  the  data  concerning  such  salts 
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are  best  handled  by  employing  the  ratios  between  the  carbon 
dioxide  and  the  metal.  Accordingly  ratios  (1)  and  (2)  give 
a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.  In  all, 
we  have  nine  values  for  the  atomic  weight  in  question : 


.m  (i)and(2).. 
(3)    ■'    (4)- 

(6) 

(7) — 

{II) 

(5) 


„Ni==  57.907, 

-  "  =  57926, 
_.'.   =57.884, 

-  "  =  57-947. 


(9)  — 
(8)-- 


'  ■=-.  58.607, 
'  -  58.634. 


■±i  .0379 
±  .0654 
± .0396 
±  .0467 


General  mean_ "    -=  58-547,  ±  ■'^^•} 

If  0  =  16,  Ni  =  58.682. 

In  the  foregoing  result  it  will  be  seen  that  the  two  sets  of 
figures  due  to  Russell  receive  very  great  weight.  This  is 
because  the  one  set  is  referred  directly  to  hydrogen,  without 
the  intervention  of  the  probable  error  of  any  other  element ; 
while  the  second  set  involves  only  the  atomic  weight  of 
oxygen,  of  which  the  probable  error  is  small.  As  regards 
accuracy  of  methods,  however,  and  certainty  concerning  the 
purity  of  material,  Russell's  work  is  no  better  than  Schnei- 
der's, and  probably  inferior  to  Lee's.  Now  values  one  to 
five  in  the  above  table  represent  the  tolerably  concordant 
results  of  Schneider,  Lee,  and  Sommaruga.  They,  combined 
by  themselves,  give  a  general  mean  of  Ni  =  57.928,  ±  .0215 ; 
^^^  if  0  =  16,  of  Ni  ==  58.062.  This  value,  taking  every- 
thing into  account,  I  cannot  but  regard  as  more  likely  to 
prove  correct  than  the  larger  mean  deduced  fi-om  all  the 
ratios.  At  all  events,  the  atomic  weight  of  nickel  needs 
further  carefal  investigation. 

For  cobalt  these  ratios  are  available : 

(I.)  Per  cent,  of  Co  in      CoCf>,.2lifi,  32. 5555,  ±  -0I49 
(2  >  ..  CO,  from  "  47.7475-  ±  -0213 

i,\  •'  Co  in  CoO,  78.592.  ±  -OO^S 

,   \  ..  "      purpureo-coball  chloride,  23.6045,  ±  .0018 

J,  1  ,.  '■      plienylanimoninm  eobalticyaiiide,  11.S665,  ±  .0124 

a\  "  •■      ammonium  ■'  21-943.    ±  -°^9 
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(7-)  Per  cent,  of  Co  in  brucia  cobailicyankie,  3.7437,  ±  .0036 
(8.)  "  "      slrychnia         "  4-5705,  ±  -005 

(9.)  Ag  :  CoCI,  : :  too  :  60.2278,  ±  .01 1 

(10.)  Co  ;  H  :  :  100  ;  3.4017,  zb  .0009 

(U.)  Au:Co::ioo.45.,5,,±.o25 

Hence  we  have  ten  values  for  Co,  as  follows : 
From  (I)  and  (a) 


'  (5)- 

'  (6)- 

'  (7)- 

'  (8)- 

■  {■!)- 

'  (9)- 


General  mean 

!  16,  Co  =  69.023. 


=  59.080 

^ 

■^^94 

=  5S.913 

± 

0638 

=  59-177 

± 

0816 

=  S9-°57 

± 

osSi 

=  58-960 

± 

070S 

—  59-°4A 

± 

o+sb 

=.  58.961 

-i- 

0192 

=  58.604 

± 

=  58.794 

± 

0162 

--=  58.887 

± 

ooS 

SELENIUM. 

The  atomic  weight  of  this  element  was  first  determined 
by  Berzelius,*  who,  saturating  100  parts  of  selenium  with 
chlorine,  found  that  179  of  chloride  were  produced.  Further 
on  these  figures  will  be  combined  with  similar  results  by 
Dumas. 

We  may  omit,  as  unimportant  for  present  purposes,  the 
analyses  of  alkaline  selenates  made  by  Mitscherlich  and 
Nitzsch,t  and  pass  on  to  the  experiments  published  by  Sace  t 
in  1847.  This  chemist  resorted  to  a  variety  of  methods, 
some  of  which  gave  good  results,  while  others  were  unsatis- 
factory. First,  he  sought  to  establish  the  exact  composition 
of  SeOj,  both  by  synthesis  and  by  analysis.  The  former 
plan,  according  to  which   he   oxidized  pure  selenium   by 

*Poggend.  Annal.,8,  i.      i8z6. 

j  Poggend.  Annal.p  9,  623.      1827. 

X  Ann.  d.  Chim.  et  d,  Phys.,  (3,1  31,  119. 
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nitric  acid,  gave  poor  results ;  bettor  figures  were  obtained 
upon  reducing  SeOj  with  ammonium  bisulphite  and  hydro- 
chloric acid,  and  determining  the  percentage  of  selenium 
set  free : 

.6800  grm.  SeOj  gave  .4828  gim.  Se.  71.000  per  ceiil, 

3.5227  ■■  2,5047  ■'  71,103       " 

4.4870  '■  3-'9iO        "  71.161 


In  a  similar  manner  Hace  also  reduced  barium  selenit«, 
and  weighed  the  resulting  mixture  of  barium  sulphate  and 
free  selenium.  This  process  gave  discordant  results,  and  a 
better  method  was  found  in  calcining  BaSeO,  with  sul- 
phuric acid,  and  estimating  the  resulting  quantity  of  BaSO^. 
In  the  third  column  I  give  the  amounts  of  BaSO^  equivalent 
to  100  of  BaSeOg  : 

■5573  S^"!'  BaSeOa  gave  .4929  grm.  BaSO^.  88,444 

.9942  "  .8797  "  88.383 

■2351  "  .2080  "  ^8.473 

.9747  '■  .8521  ■•  88.448 


Still  other  experiments  were  made  with  the  selenites  of 
silver  and  lead ;  but  the  figures  were  subject  to  such  errors 
that  they  need  no  further  discussion  here. 

A  few  years  after  Sacc's  work  was  published,  Erdmann  and 
Marchand  made  with  their  usual  care  a  series  of  experi- 
ments upon  the  atomic  weight  under  consideration.*  They 
alalyzed  pure  mercuric  selenide,  which  had  been  repeatedly 
sublimed  and  was  well  crystallized.  Their  method  of  ma- 
nipulation has  already  been  described  in  the  chapter  upon 
mercury.     These  percentages  of  Hg  in  HgSe  were  found  : 


Mean,  71.7327,  ±  .003 
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The  next  determinations  were  made  by  Dumas,*  who  re- 
turned to  the  original  method  of  Berzelius.  Pure  selenium 
was  converted  by  dry  chlorine  into  SeClj,  and  from  the  gain 
in  weight  the  ratio  between  Se  and  CI  was  easily  deducible. 
I  include  Berzelius'  single  experiment,  which  I  have  already 
cited,  and  give  in  a  third  column  the  quantity  of  chlorine 
absorbed  by  100  parts  of  selenium  : 


709  gr. 

.  Se  absorb 

3.049  gra 

,  CI. 

178.409 

810 

■' 

3.219 

'■ 

177-845 

679 

3.003 

178.856 

498 

" 

2.688 

179-439 

944 

3.468 

'78.395 

88; 

3-382 

" 

179.226 

935 

3-452 

Mea 

178.398 

179.000 — Berzelius 

.,   178.696.   ±  ..25 

The  question  may  here  be  properly  asked,  whether  it 
would  be  possible  thus  to  form  SeCl,  and  be  certain  of  its 
absolute  purity  ?  A  trace  of  oxychloride,  if  simultaneously 
formed,  would  increase  the  apparent  atomic  weight  of 
selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  processes  which  have 
been  adopted,  and  that  value  has  the  largest  probable  error 
of  any  one  in  the  entire  series.  A  glance  at  the  table  which 
summarizes  the  discussion  at  the  end  of  this  chapter  will 
render  this  point  sufficiently  clear. 

Latest  of  all,  we  come  to  the  determinations  made  by 
Ekman  and  Pettersson.*  They  tried  various  methods  of 
investigation,  and  finally  decided  upon  the  two  following : 

First.  Pure  silver  selenite,  Ag^SeOj  was  ignited,  leaving 
behind  metallic  silver  in  the  subjoined  percentages ; 


*  Ann.  Chem.  Pharm.,  113,  32,  1 
fBer.  d.  Deutsch.  Chem.  Ge^ell., 
;iely  al  Up^ala. 


1876,     Published  in  detail  by  the 
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Mean,  62.957.  d:  ■"•'S 

Second.  A  warm  aqueous  solution  of  seienious  acid  was 
mixed  with  HCl,  and  reduced  by  a  current  of  SO  3.  The 
reduced  Se  was  collected  upon  a  glass  filter,  dried,  and 
weighed.     Percentages  of  Se  in  SeOj  : 


.185 


Mean,  71.191,  ±  .0016 

This  series,  combined  with  that  of  Sacc,  71.088,  ±  ,032, 
gives  a  general  mean  of  71.1907,  dz  .0016. 

There  are  now  five  series  of  figures  from  which  to  deduce 
the  atomic  weight  of  selenium : 
(r.)  Percent,  of  Se  ir 


(5. 


)  BaSeOj  :  BaSO,  ; :  loo  :  88.437,  ±   O'S 

)  Per  cent,  of  Hg  in  HgSe,  71.7327,  zh  -003 

)  Se  :  Sea,  : :  100  :  178.696,  ±  .125 

)  Per  cent,  of  Ag  in  AgjSeO,,  63.957,  ±  -005 


From  these  we  get  the  following  values  for  selenium : 

From  (I) Se  =  78.894,  ±  .018 

'■       (2) "    =  78.362,  ±  ,053 

"       (3) '■    =  78.700,  dz  .019 

"      (4) '■   =  79-174.  ±  .064 

"      (S)- 


General  mean... 

If  0  ^  16,  Se  =  78.978. 


.819. : 


.797,  : 


.yGoogle 


THE    ATOMIC   WEIGHTS. 


TELLURIUM. 


Particular  interest  attaches  to  the  atomic  weight  of  tellu- 
rium, on  account  of  the  speculations  of  Mendelejeff.  Ac- 
cording to  the  "periodic  law"  of  that  chemist,  tellurium 
should  lie  between  antimony  and  iodine,  having  an  atomic 
weight  greater  than  120,  and  less  than  127.  Theoretically, 
Mendelejeff  assigns  it  a  value  of  Te  —  125 ;  but  all  the 
published  determinations  lead  to  a  mean  number  higher 
than  would  be  admissible  under  the  aforesaid  "  periodic 
law."  Whether  theory  or  experiment  is  at  fault  remains  to 
be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of 
the  constant  in  question,  were  made  by  Berzelius.*  By 
means  of  nitric  acid  he  oxidized  tellurium  to  the  dioxide, 
and  from  the  increase  in  weight  deduced  a  value  for  the 
metal.  He  published  only  his  final  results ;  from  which,  if 
0  ^  100,  Te  =  802.121.  The  three  separate  experiments 
give  Te  =  801.74, 801.786,  and  802.838 ;  whence  we  can  cal- 
culate the  following  percentages  of  metal  in  the  dioxide  : 

Mean,  So.042i  dz  .005 

The  next  determinations  were  made  by  von  Hauer,t  who 
resorted  to  the  analysis  of  the  well  crystallized  double  salt 
TeBr,.2KBr,  In  this  compound  the  bromine  was  estimated 
as  silver  bromide,  the  values  assumed  for  Ag  and  Br  being 
respectively  108.1  and  80.  Recalculating,  with  our  newer 
atomic  weights  for  the  above  named  elements,  we  get  from 
V.  Hauer's  analyses,  for  100  parts  of  the  salt,  the  quantities 
of  AgBr  which  are  put  in  the  third  column  : 

*  Poggend.  Annal.,  28,  395.     1833. 
t  Sitzungsb,  Wien  Afcad,,  25,  142. 
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.ooo  grm.  K,TeBr„  j, 

ave  69.946  per  cen 

.Br. 

164.460 

.668 

69.S443 

164.221 

■934 

69,9113          " 

164.379 

.697 

70.0163 

164.626 

69.901 

164.355 

Mean,   164.408,  ±  -045 

From  Berzelius'  series  we  may  calculate  Te  =  128.045, 
and  from  v.  Hauer'a  Te  =  127.419.  Dumas,*  by  a-method 
for  which  he  gives  absolutely  no  particulars,  found  Te  ^=  129. 

In  1879,  with  direct  reference  to  Mendelejeff's  specula- 
tions, the  subject  of  the  atomic  weight  of  tellurium  was 
taken  up  by  Wills.t  The  methods  of  both  Berzelius  and 
von  Hauer  were  employed,  with  various  rigid  precautions 
in  the  way  of  testing  balance  and  weights,  and  to  ensure 
purity  of  material.  In  the  first  series  of  experiments  tellu- 
rium was  oxidized  by  nitric  acid  to  form  TeO^.  The  results 
gave  figures  ranging  from  Te  =  126.31  to  129.34 : 


.21613  G""-  Te 

gave 

2.77612  grn 

.TeO, 

79.828 

■453"3 

1. 81 543 

80.044 

.67093 

3.33838 

So. 007 

,77828 

5-95748 

80.207 

.65029 

3-3133' 

79.989 

In  the  second  series  tellurium  was  oxidized  by  aqua  regia 
to  TeOa ;  with  results  varying  from  Te  =  127.77  to  128.00: 


2.85011  grm.  Te  gave  3.56158 

3.09673  "  3.S6897 

5.09365  ■■  6.366:2 

3.26604  "  4.08064 


80.024  per  ci 


Mean,  80.028,  -, 


Combining  these  series  with  that  due  to   Berzelius,  we 
have  the  following  general  mean ; 

*Ann.  d.  Chim.  et  d,  Phys.,  (3,)  55,  129.      1859. 
-f  Joum.  Chem.  Society,  Oct.,  1879,  p.  704. 
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Berzelius 

"       2d       " 

"■- 

General  me 

Hence  Te  =  127.986, 

.035. 

By  von  Hauer's  process,  the  analysis  of  TeBr^.^KBr, 
Will's  figures  give  results  ranging  from  Te  =  126.07  to 
127.61.  Reduced  to  a  common  standard,  100  parts  of  the 
salt  yield  the  quantities  of  AgBr  given  in  the  third  column  : 


.70673  grm.  KjTeBrj  gav 

e  2.S0499  grm.  AgBr. 

164.349 

75225 

2,88073 

■64.398 

06938 

3-40739 

164.657 

29794 

5.43228 

164.717 

46545 

4.05742 

164.571 

Mean,  164.53S,  ±  .048 

Combined  with  von  Hauer's  mean,  164.408,  ±  .045,  this 
gives  a  general  mean  of  164.468,  ±  .033.  Hence  Te  = 
127.170,  ±  .173. 

The  two  independent  values  for  Te  combine  thus  : 

From  TeO, Te  ==..  127.986,  ±  .035 

■'      TeKjBr^ '■  =  127.170,  ±  .173 


General  mean "  =:  127.960,  ±  .034 

If  O  =  16,  Te  =  128.254. 

A  careful  consideration  of  the  foregoing  figures,  and  of 
the  experimental  methods  by  which  they  were  obtained, 
will  show  that  they  are  not  absolutely  conclusive  with  re- 
gard to  the  place  of  tellurium  under  the  periodic  law.  The 
atomic  weight  of  iodine,  calculated  in  a  previous  chapter,  is 
126.557.  Wills'  values  for  Te,  rejecting  his  first  series  as 
relatively  unimportant,  range  from  126.07  to  128.00 ;  that 
is,  some  of  them  fell  below  the  atomic  weight  of  iodine, 
although  none  descend  quite  to  the  125  assumed  by  Men- 


In  considering  the  experimental  methods,  reference  may 
properly  be  made  to  the  controversy  regarding  the  atomic 
weight  of  antimony.  It  will  be  seen  that  Dexter,  estima- 
ting the  latter  constant  by  the  conversion  of   the  metal 
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into  SbjO,,  obtained  a  value  approximately  of  Sb  =  122. 
Duma?,  working  with  SbClg,  obtained  a  similar  value. 
Schneider  and  Cooke,  on  the  other  hand,  have  established 
an  atomic  weight  for  antimony  near  120,  and  Cooke  in  par- 
ticular has  traced  out  the  constant  errors  which  lurked 
unsuspected  in  tlie  work  of  Dumas  and  Dexter.  Now  in 
some  physical  respects  tellurium  and  antimony  are  quite 
similar.  As  constant  errors  vitiated  the  recently  accepted 
values  for  Sb,  so  they  may  also  effect  our  estimates  for  Te. 
The  oxidation  of  Te  by  nitric  acid  resembles  in  minor  par- 
ticulars that  of  Sb.  The  analysis  of  KjTeBrg,  gives  a  low 
value  for  Tc,  and  yet  the  material  may  have  contained 
traces  of  oxybromides,  the  presence  of  which  would  render 
even  that  lower  value  too.  high.  A  careful  revision  of  the 
atomic  weight  of  tellurium  is  still  r 


VANADIUM. 


Roscoe's  determination  of  the  atomic  weight  of  vanadium 
is  the  only  one  having  any  present  value.  The  results  ob- 
tained by  Berzelius  *  and  by  Czudnowicz  f  are  unquestion- 
ably too  high ;  the  error  being  probably  due  to  the  presence 
of  phosphoric  acid  in  the  vanadie  acid  employed.  This 
particular  impurity,  as  Roscoe  has  shown,  prevents  the 
complete  reduction  of  VjO,;  to  V^Oj  by  means  of  hydrogen. 
All  vanadium  ores  contain  small  quantities  of  phosphorus, 
which  can  only  be  detected  with  ammonium  molybdate ; 
a  reaction  unknown  in  Berzelius'  time.  Furthermore,  the 
complete  purification  of  vanadie  acid  from  all  traces  of 
phosphoric  acid  is  a  matter  of  great  difficulty,  and  probably 
never  was  accomplished  until  Roscoe  undertook  his  re- 
searches. 

In   his   determination    of   the    atomic  weight,  Roscoe  1: 

*Poggeiid.  Annal.,  22,  14.  1831. 
tPo^end.  Annal.,  120,  17.  1863. 
I  Journ.  Cliem.  Soc,  6,  pp.  330  and  344.      186S. 
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studied  two  compounds  of  vanadium ;  namely,  the  pent- 
oxide,  VjOj  and  the  oxyehloride,  VOCl^.  The  pentoxide, 
absolutely  pure,  was  reduced  to  V5O3  by  heating  in  hydro- 
gen, with  thefollowing  results : 

7-7397  S""-  VjOjgave  6.3827  grm.  VjOj.  '7-533  iJer  cent,  of  loss. 

'  '"--  "  5.4296  "  17.507 


,0450 
.4196  grm 


4-l6'4  "  17-515 

isidized.gave  6.5814  grm,  VjO^,     17.501  perci 


Hence  "\'  =  51.204,  ±  .025. 

Upon  the  oxyehloride,  VOCI3,  two  series  of  experiments 
were  made,  one  volumetric,  the  other  gravimetric.  In  the 
volumetric  series  the  compound  was  titrated  with  solutions 
containing  known  weights  of  silver,  which  had  been  purified 
according  to  the  methods  recommended  by  Stas.  Roscoe 
publishes  his  weighings,  and  gives  percentages  deduced 
from  them;  his  figures,  reduced  to  a  common  standard, 
make  the  quantities  of  VOCl,  given  in  the  third  column 
proportional  to  100  parts  of  silver.  He  was  assisted  by  two 
analysts: 


Analyst  A. 

2.4323  grm.  VOCl, 

=  4-55^5  gnn.  A!,^ 

53-435 

4.6840 

8.7505          •' 

53-528 

4.2.8S 

7.8807          ■' 

53-533 

3.9490 

7.3799 

53-510 

.9243 

1.7267 

53-530 

1.4330 

2.6769         " 
Analyst  B. 

53-532 

2.8530 

5-2853         " 

53-980 

2.1252 

3-9535         " 

53-755 

1.4248 

2.6642 

53-479 

Mean,  53.586,   ±  -039 

The  gravimetric  series,  of  course,  fixes  the  ratio  between 
VOCI3  and  AgCl.  If  we  put  the  latter  at  100  parts,  the 
proportion  of  VOCI3  comes  out  as  given  in  the  tliird 
column : 
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Ana/ys/  A. 

.8S2I 

Enn 

VOCl 

gave 

4.5932  grm.  AgCl, 

40.323 

■7<"i 

1 .7303 

40.53' 

-7486 

1.846; 

40.537 

.440S 

3-5719 

40-337 

.9453 

2-3399 

40-399 

■61M3 

4.0282 
Analyst  B. 

40,174 

2,iqi6 

5-4039 

40.391 

2.5054 

Mean 

40.333 
40.378,  ± 

These  two  series  give  us  two  values  for  the  molecular 
weight  of  VOCU  : 

From  the  volumetric  series  ..-VOCIj  =  173.096,  ±  .126 
General  mean.._ "      =  173-177.  ±  .094 

Hence  V  ^  51.104,  ±  .104. 

Combining  the  two  values  for  V   we  get  the  following 
result: 

From  VjO, V  =.  51.264.  ±  .025 

"      VOCl, "  =51.104.  ±  .104 

General  mean "  =  51-256.  ±  -024 

Or,  if  0  -  16,  V  =  51.373. 


ARSENIC. 


For  the  determination  of  the  atomic  weight  of  arsenic 
two  compounds  have  been  studied;  the  chloride  and  the 
trioxide.  The  bromide  may  also  be  considered,  since  it  was 
analyzed  by  Wallace  in  order  to  establish  the  atomic  weight 
of  bromine.  His  series,  in  the  light  of  more  recent  knowl- 
edge, may  properly  be  inverted,  and  applied  to  the  determi- 
nation of  arsenic. 

In  1826,  Berzeliua*  heated  arsenic  trioxide  with  sulphur 

*PoEEend-  Annai.,  8,  1. 
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in  such  a  way  that  only  SOj  could  escape.  2.203  grammes 
of  AsjOg.thus  treat«d,gave  a  loss  of  1.069  of  SO,.  Hence 
As  —  74.840.  This  is  a  close  estimation ;  but,  being  drawn 
from  a  single  experiment,  has  so  little  weight  that  it  need 
not  be  included  in  onr  final  general  mean. 

In  1845  Peloune*  applied  his  method  of  titration  with 
known  quantities  of  pure  silver  to  the  analysis  of  the  tri- 
chloride of  arsenic,  AsClg.  Using  the  old  Berzelian  atomic 
weighte,  and  putting  Ag  =  1349.01,  and  CI  =  443.2,  ho 
found  in  three  experiments  for  As  the  values  937.9,  937.1, 
and  937.4.  Hence  100  parts  of  silver  balance  the  following 
quantities  of  AsCl^  : 

56.016 


Later,  the  same  method  was  employed  by  PumaSjt  whose 
weighings,  reduced  to  the  foregoing  standard,  give  the  fol- 
lowing results : , 


4.298  gtm.  AsClj  =  7.673  gni 

i.Ag. 

Ralio,  56.015 

S'535              ■'             9-88o 

56-022 

7.660             "            13.686 

55-970 

4.680             "             8.358 

55-993 

Mean,  56.000,  ±  .008 

The  two  series  of  Pelouze  and  Dumas,  combined,  give  a 
general  mean  of  56.014,  ±  .0035,  as  the  amount  of  AsCl, 
equivalent  to  100  parts  of  silver.  Hence  As  —  74.829,  ± 
.048,  a  value  closely  agreeing  with  that  deduced  from  the 
single  experiment  of  Berzolius. 

The  same  process  of  titration  with  silver  was  applied  by 
WallaceJ  to  the  analysis  of  arsenic  tribromide,  AsBrg,  This 
compound  was  repeatedly  distilled  to  ensure  purity,  and 
was  well  crystallized.     His  weighings  show  that  the  quanti- 

•Compt.  Rend.,  20,  IO47. 

t  Ann.  Chim,  Phys.,  (3,)  55,  174.     1S59. 

I  Philosophical  Magazine,  (4,)  18,  279. 
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ties  of  bromide  given  in  the  third  column  arc  proportional 

to  100  parts  of  silver: 

8.3246  grm.  AsBr,  =  8.58  grm.  Ag.  97023 

4-4368  "  4.573       "  97-022 

5.098  "  5-257      "  96.970 

Mean,  97-O05,  ±  .012 

Hence  As  =  74.046,  ±  .058.  Why  this  value  should  be 
so  much  lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler,*  for  the  purpose 
of  estabhshing  the  atomic  weights  of  chromium  and  of 
arsenic,  has  already  been  described  in  the  chromium  chap- 
ter. In  that  investigation  the  amount  of  potassium  dichro- 
mate  required  to  oxidize  100  parts  of  AsjOj  to  ASjOj  was 
determined,  and  compared  with  the  quantity  of  potassium 
chlorate  necessary  to  produce  the  same  effect.  From  the 
molecular  weight  of  KClOg,  that  of  K^Ct^O^  was  then 
calculable. 

From  the  same  figures,  the  molecular  weights  of  KCIO, 
and  of  KjCrjO,  being  both  known,  that  of  AsjOj  may  be 
easily  determined.  The  quantities  of  the  other  compounds 
proportional  to  100  parts  of  ASjOg  are  as  follows: 

98,95  41-156 

98. 94  41. 116 


Mean,  99.045,  zfc  .02! 


41.149 


*  Poggond.  Annal.,  95,  204.     1855.     Also 
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Another  series  with  the  bicliromate  gave  tlie  foliowing 
figures : 


Mean,  99.036,  ±  ,019 

Mean  of  previous  secies,  99.045,  ±  -OzH 

General  mean,  99.039,  ±  .016 

Other  defective  series  are  given  to  illustrate  the  partial 
oxidation  of  the  AsjOj  by  action  of  air.  The  foregoing 
figures  give  us  two  distinct  values  for  the  molecular  weight 
of  AsjOj,.  In  calculating  from  the  bichromate  results  the 
value  for  chromium  deduced  from  Siewert's  determinations 
will  be  used,  viz.,  Cr  =  52.009,  ±  .025. 

From  KCIO3  series As,0,  =  197.996,  ±  .049 


KXr.O-  ' 


=  '97-777.  = 


General  mean "      —  197.894,  ±  .035 

Hence  As  =  75,002,  dz  .018. 

The  general  mean  for  As  comes  out  as  follows  : 


From  AsClj . 


As.O,. 


,s  =  74-829,  ±  -■ 
'   =  74-046,  ±  .1 


'    =7S-o 


General  mean "   =:  74.918 

If  0  =  16,  then  As  becomes  =  75.090. 


ANTIMONY. 


.Ifter  some  earlier,  unsatisfactory  -determinations,  Ber- 
zelius,*  in  1826,  published  his  final  estimation  of  the  atomic 
weight  of  antimony.  He  oxidized  the  metal  by  means  of 
nitric  acid,  and  found  that  100  parts  of  antimony  gave 
124.8  of  Sb,0,.     Hence,  if  O  =-  16,  Sb  =  129.03.     The 


*  Poggend,  Annal.,  8,  I 
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value  129  remained  in  general  acceptance  until  1855,  when 
Kessler,*  by  special  volumetric  methods,  showed  that  it  was 
certainly  much  too  high.  Kessler's  results  wiil  be  consid- 
ered more  fully  further  along,  in  connection  with  a  later 
paper ;  for  present  purposes  a  brief  statement  of  his  earher 
conclusions  will  suffice.  Antimony,  and  various  compounds 
of  antimony,  were  oxidized  partly  by  potassium  anhydro- 
chromate  and  partly  by  potassium  chlorate ;  and  from  the 
amounts  of  oxidizing  agent  required,  the  atomic  weight  in 
question  was  deduced : 

By  oxidation  of  SbjO,  from  loo  parLs  of  Sb Sb  —  123.84 

Sb  with  KjCrjO, 

KQO,  +  KjCrjO, 

"  SbjOjWith  "  "        

SbjSj  with  KjCrjO, 


The  figures  given  are  those  calculated  by  Kessler  him- 
self A  recalculation  with  our  newer  atomic  weights  for  0, 
K,  Ci,  Cr,  S,  and  C,  would  yield  slightly  lower  values.  It 
will  be  seen  that  five  of  the  estimates  agree  closely,  while 
one  diverges  widely  from  the  others.  It  will  be  shown  here- 
after that  the  concordant  values  are  all  vitiated  by  constant 
errors,  and  that  the  exceptional  figure  is  after  all  the  best. 

Shortly  after  the  appearance  of  Kessler's  first  paper, 
Schneider  t  published  some  results  obtained  by  the  reduc- 
tion of  antimony  sulphide  in  hydrogen.  The  material 
chosen  was  a  very  pure  stibnite  from  Arnsberg,  of  which 
the  gangue  was  only  quartz.  This  was  corrected  for,  and 
corrections  were  also  applied  for  traces  of  undecomposed 
sulphide  carried  off  mechanically  by  the  gas  stream,  and 
for  traces  of  sulphur  retained  by  the  reduced  antimony. 
The  latter  sulphur  was  estimated  as  barium  sulphate.  From 
3.2  to  10,6  grammes  of  material  were  taken  in  each  experi- 
ment. The  final  corrected  percentages  of  S  in  Sb^Sj  were 
as  follows : 


■*  Pt^gend.  Annai.,  95,  215. 
■j-Po^end.  Annal.,  gS,  293. 
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Mean,  28,520,  ±  -OOS 

Hence,  if  S  =  32,  Sb  =  120.3. 

Immediately  after  the  appearance  of  Schneider's  memoir, 
Rose  *  published  the  result  of  a  single  analysis  of  antimony 
trichloride,  previously  made  under  his  supervision  by  Weber. 
This  analysis,  if  CI  =^  35.5,  makes  8b  ^^  120.7,  a  value  of 
no  great  weight,  but  in  a  measure  confirmatory  of  that  ob- 
tained by  Schneider. 

The  next  research  upon  the  atomic  weight  of  antimony 
was  that  of  Dexter,t  published  in  1857.  This  chemist,  hav- 
ing tried  to  determine  the  amount  of  gold  preeipitable  by 
a  known  weight  of  antimony,  and  having  obtained  discord- 
ant results,  finally  resorted  to  the  original  method  of  Eer- 
zelius.  Antimony,  purified  with  extreme  care,  was  oxidized 
by  nitric  acid,  and  the  gain  in  weight  was  determined. 
From  1.5  to  3.3  grammes  of  metal  were  used  in  each  experi- 
ment. The  reduction  of  the  weights  to  a  vacuum  standard 
was  neglected  as  being  superfluous.  From  the  data  ob- 
tained, we  get  the  following  percentages  of  Sb  in  SbjO^ : 

79.268 
79.272 
79-255 
79.266 
79.253 
79.271 
79.264 

79.286 
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79-274 
79-232 
79.395 
79-379 
Mean.  79.283,  d:  .009 

Hence,  if  0  =  16,  Sb  =  122.46. 

The  determinations  of  Dumas  *  were  published  in  1859. 
This  chemist  sought  to  fix  the  ratio  between  silver  and 
antimonioas  chloride,  and  obtained  results  for  the  atomic 
weight  of  antimony  quite  near  to  those  of  Dexter,  The 
SbCl  3  was  prepared  by  the  action  of  dry  chlorine  upon  pure 
antimony ;  it  was  distilled  several  times  over  antimony 
powder,  and  it  seemed  to  be  perfectly  pure.  Known  weights 
of  this  preparation  were  added  to  solutions  of  tartaric  acid 
in  water,  and  the  silver  chloride  was  precipitated  without 
previous  removal  of  the  antimony.  Here,  as  Cooke  has 
since  shown,  is  a  possible  source  of  error,  for  under  such 
circumstances  the  crystalline  argento-antimonious  tartrate 
may  also  be  thrown  down  and  contaminate  the  chloride  of 
silver.  But  be  that  as  it  may ;  Dumas'  weighings,  reduced 
to  a  common  standard,  give  as  proportional  to  100  parts  of 
silver,  the  quantities  of  SbClj  which  are  stated  in  the  third 
of  the  subjoined  columns : 

1.876  grm,  SbClj=;=  J.66o  erm.  Ar.  70.536 

4-336 

5-0^5 

3.475 

3-767 


6,148 

70,527 

7-175     " 

70-592 

4.930     '■ 

70.4S7 

5 -35°       " 

70.411 

8,393       '■ 

70.416 

6.83C.       '• 

70.626 

Mean 

70.512,  ± 

)8,  and  CI  ^ 

=  355 

Sb 

=  122. 

Hence,  if  Ag  - 

In  1861  Kessler's  second  paper  f  relative  to  the  atomic 
weight  of  antimony  appeared.  Kessler's  methods  were 
somewhat  complicated,  and  for  full  details  the  original 
memoirs  must  be  consulted-  A  standard  solution  of  potas- 
sium anhydrochromate  was  prepared,  containing  6,1466 
~  """  ~"     *Ann-  Chim.  Phy5.,{3.)  55,  175. 

IPoggend.  Anna!.,  113,  145- 


=iGoogle 


192  THE    ATOMIC   WEIGHTS. 

grammes  to  the  litre.  With  this,  solutions  containing 
known  quantities  of  antimony  or  of  antimony  compounds 
were  titrated,  the  end  reaction  being  adjusted  with  a  stand- 
ard solution  of  ferrous  chloride.  In  some  cases  the  titration 
was  preceded  by  the  addition  of  a  definite  weight  of  potas- 
sium chlorate,  insufficient  for  complete  oxidation ;  the  an- 
hydrochromate  then  served  to  finish  the  reaction.  The 
object  in  view  was  to  determine  the  amount  of  oxidizing 
agent,  and  therefore  of  oxygen,  necessary  for  the  conver- 
sion of  known  quantities  of  antimonious  into  antimonic 
compounds. 

In  the  later  paper  Kessler  refers  to  his  earlier  work,  and 
shows  that  the  values  then  found  for  antimony  were  all  too 
high,  except  in  the  ease  of  the  series  made  with  tartar 
emetic.  That  series  he  merely  states,  and  subsequently 
ignores,  evidently  believing  it  to  be  unworthy  of  further 
consideration.  For  the  remaining  series  he  points  out  the 
sources  of  error.  These  need  not  be  rediscussed  here,  as  the 
discussion  would  have  no  value  for  present  purposes ;  suffice 
it  to  say  that  in  the  series  representing  the  oxidation  of 
SbjOj  with  anhydrochromate  and  chlorate,  the  material 
used  was  found  to  be  impure.  Upon  estimating  the  im- 
purity and  correcting  for  it,  the  earlier  value  of  Sb  =  123.80 
becomes  Sb  =  122.36,  according  to  Kessler's  calculations. 

In  the  paper  now  under  consideration  four  series  of  results 
are  given.  The  first  represents  experiments  made  upon  a 
pure  antimony  trioxide  which  had  been  sublimed,  and  which 
consisted  of  shining  colorless  needles.  This  was  dissolved, 
together  with  some  potassium  chlorate,  in  hydrochloric  acid, 
and  titrated  with  anhydrochromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as 
untrustworthy.     The  data  for  the  others  are  as  follows: 


K^Cr^O^soL  i 


1.7888  grm. 
1.6523     " 


From  these  figures  Kessler  deduces  Sh  —  122.1 
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These  data,  reduced  to  a  common  standard,  give  the  fol- 
lowing quantities  of  oxygen  needed  to  oxidize  100  parts  of 
SbjOs  to  SbjOs.  Each  cubic  centimetre  of  the  KjCr,0, 
solution  corresponds  to  one  milligramme  of  0  : 


Mean,  10.953,  i  -OOJS 

In  the  second  series  of  experiments  pure  antimony  was 
dissolved  in  hydrochloric  acid  with  the  aid  of  an  unweighed 
quantity  of  potassium  chlorate.  The  solution,  containing 
both  antimonious  and  antimonic  compounds,  was  then  re- 
duced entirely  to  the  antimonious  condition  by  means  of 
stannous  chloride.  The  excess  of  the  latter  was  corrected 
with  a  strong  hydrochloric  acid  solution  of  mercuric  chlo- 
ride, then,  after  diluting  and  filtering,  a  weighed  quantity 
of  potassium  chlorate  was  added,  and  the  titration  with  an- 
hydrochromate  was  performed  as  usual.  Calculated  as 
above,  the  percentages  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony  : 

•Si-                                  JraO,.  K^Cr^O^saLce.  I'ir  cent.  O. 

1.636  gnn.  0.5000  gmi.                       .8.3  13.088 

3.0825  '■  0-9500     ■■                           30.2  13.050 

4.5652  ■'  1.4106     ■■                           45.5  13-09S 


This  series  gave  Kessior  Sb  —  122.34. 

The  third  and  fourth  scries  of  experiments  were  made 
with  pure  antimony  trichloride,  SbClj,  prepared  by  the  action 
of  mercuric  chloride  upon  metallic  antimony.  This  prepa- 
ration, in  the  third  series,  was  dissolved  in  hydrochloric 
acid,  and  titrated.  In  one  experiment  solid  KjCrjOi  in 
weighed  amount  was  added  before  titration :  in  the  other 
two  estimations  KCIO3  was  taken  as  usual.  If,  according 
to  Siewert's  work,  we  take  Cr  ^  52.009,  the  percentages  of 
oxygen  in  the  last  column  correspond  to  100  parts  of  SbClj  ■ 
13 
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1.8576  gim.  SbClj  needed  .596;  gna,  KjCfjO,  and  33.4  cc.  so!.   7. 0338 
1. 91 18  ■'  .30'9     "      KClOj     "    16. 2      "        7.0321 

4.1235  ■'  .6801       "  "  "     23.2        "  7.0222 

Mean,  7.0294,  ±  .0014 
The  fourth  set  of  experiments  was '  gravimetric.  The 
solution  of  SbClj,  mixed  with  tartaric  acid,  was  first  pre- 
cipitated by  hydrogen  sulphide,  in  order  to  remove  the 
uatimony.  The  excess  of  H^S  was  corrected  by  copper 
sulphate,  and  then  the  chlorine  was  estimated  as  silver  chlo- 
ride in  the  ordinary  manner.  100  parts  of  AgCl  correspond 
to  the  amounts  of  SbCl^  given  in  the  third  column. 

1.8662  grm.  SbCl,  gave  3.483  grm.  AgCl.  53.580 


1.6832  "  3.141 

2.7437 


7.2585 


53-5S8 
S3  •'^77 
53569 
53.629 
53.696 


Mean,  53-623,  ±  .015 

The  volumetric  series  with  SbOl,  gave  Kessler  values  for 
Sb  ranging  from  121.16  to  121.47.  The  gravimetric  series, 
on  the  other  hand,  yielded  results  from  Sb  ^  124.12  to  124.67. 
This  discrepancy  Kessler  rightly  attributes  to  the  presence 
of  oxygen  in  the  chloride ;  and,  ingeniously  correcting  for 
this  error,  he  deduces  from  both  sets  combined,  the  value  of 
Sb  =  122.37. 

The  several  mean  results  for  antimony  agree  so  fairly 
with  each  other,  and  with  the  estimates  obtained  by  Dexter 
and  Dumas,  that  we  cannot  wonder  that  Kessler  felt  satisfied 
of  their  general  correctness,  and  of  the  inaccuracy  of  the 
figures  published  by  Schneider,  Still,  the  old  series  of  data 
obtained  by  the  titration  of  tartar  emetic  with  anhydrochro- 
mate  contained  no  evident  errors,  and  was  not  accounted 
for.  This  series,*  if  we  reduce  all  of  Kessler's  figures  to  a 
single  common  standard,  give  a  ratio  between  K-CrjO, 
and  C,H,KSbO,.JH,0.  100  parts  of  the  former  will  oxi- 
dize of  the  latter : 

*  Poggend.  Annal..  95,  217. 
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33S.01 
33';-83 
33793 
338.59 
335-79 
Mean,  337.30,   ±  .29 

From  this,  if  K,Cr,0,  =  294.64,  Sb  =  119.8. 

The  newer  atomic  weights  found  in  the  previous  chapters 
of  this  work  will  be  applied  to  the  discussion  of  all  these 
series  further  along.  It  may,  however,  be  properly  noted  at 
this  point,  tliat  the  probable  errors  assigned  to  the  percent- 
ages of  oxygen  in  three  of  Kessler's  series  are  too  low. 
These  percentages  are  calculated  from  the  quantities  of 
KCIO3  involved  in  the  several  reactions,  and  their  probable 
errors  should  be  increased  with  reference  to  the  probable 
error  of  the  molecular  weight  of  that  salt.  The  necessary 
calculations  would  be  more  laborious  than  the  importance 
of  the  figures  would  warrant,  and,  accordingly,  in  comput- 
ing the  final  general  mean  for  antimony,  Kessler's  figures 
will  receive  somewhat  higher  weight  than  they  are  legiti- 
mately entitled  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and 
Dumas  led  to  the  general  acceptance  of  the  value  of  122  for 
antimony  as  against  the  lower  figure  120  of  Schneider. 
Still,  in  1871,  Unger*  pubhshed  the  results  of  a  single  anal- 
ysis of  Schlippe's  salt,  Na^SbS^.QHjO.  This  analysis  gave 
Sb  =  119.76,  if  8  =  32  and  Na  =  23,  but  no  great  weight 
could  be  attached  to  the  determination.  It  served,  never- 
theless, to  show  that  the  controversy  over  the  atomic  weight 
of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Kessler's 
second  paper  the  subject  of  the  atomic  weight  of  antimony 
was  again  taken  up,  this  time  by  Professor  Cooke.  His  re- 
sults appeared  in  the  autumn  of  1877,t  and  were  conclusive 
in  favor  of  the  lower  value,  approximately  120.     For  full 

*  Archiv.  der  Pharmacie,  197,  194.     Quoted  by  Cooke. 
f  Proceedings  American  Academy,  v.  13. 
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details  the  original  memoir  must  be  consulted ;  only  a  few 
of  the  leading  points  can  be  cited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was 
already  formed.  Cooke,  reversing  the  method,  effected  the 
synthesis  of  this  compound.  Known  weights  of  pure  anti- 
mony were  dissolved  in  hydrochloric  acid  containing  a  little 
nitric  acid.  In  this  solution  weighed  balls  of  antimony 
were  boiled  until  the  liquid  became  colorless ;  subsequently 
the  weight  of  metal  lost  by  the  balls  was  ascertained.  To 
the  solution,  which  now  contained  only  antimonious  com- 
pounds, tartaric  acid  was  added,  and  then,  with  a  supersat- 
urated aqueous  sulphhydric  acid,  antimony  trisulphide  was 
precipitated.  The  precipitate  was  collected  by  an  ingenious 
process  of  reverse  filtration,  converted  into  the  black  modi- 
fication by  drying  at  210°,  and  weighed.  After  weighing, 
the  SbjSj  was  dissolved  in  hydrochloric  acid,  leaving  a  car- 
bonaceous residue  unacted  upon.  This  was  carefully  esti- 
mated and  corrected  for.  About  two  grammes  of  antimony 
were  taken  in  each  experiment  and  thirteen  syntheses  were 
performed.  In  two  of  these,  however,  the  antimony  tri- 
sulphide was  weighed  only  in  the  red  modification,  and  the 
results  were  uncorrected  by  conversion  into  the  black  va- 
riety and  estimation  of  the  carbonaceous  residue.  In  fact, 
every  such  conversion  and  correction  was  preceded  by  a 
weighing  of  the  red  modification  of  the  SbjS,.  The  mean 
result  of  these  weighings,  if  S  ^=  32,  gave  Sb  =  119.994. 
The  mean  result  of  the  corrected  syntheses  gave  Sb  = 
120.295.  In  these  eleven  experiments  the  following  per- 
s  of  S  in  SbjSj  were  established : 
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These  results,  confirmatory  of  the  work  of  Schneider, 
were  presented  to  the  American  Academy  in  1876.  Still, 
before  publication,  Cooke  thought  it  best  to  repeat  the  work 
of  Dumas,  in  order  to  detect  the  cause  of  the  old  discrepancy 
between  the  values  Sb  =  120  and  Sb  =  122.  Accordingly, 
various  samples  of  antimony  trichloride  were  taken,  and 
purified  by  repeated  distillations.  The  final  distillate  was 
further  subjected  to  several  recrystallizations  from  the  fused 
state;  or,  in  one  case,  from  a  saturated  solution  in  bisulphide 
of  carbon.  The  portions  analyzed  were  dissolved  in  con- 
centrated aqueous  tartaric  acid,  and  precipitated  by  silver 
nitrate,  many  precautions  being  observed.  The  silver  chlo- 
ride was  collected  by  reverse  filtration,  and  dried  at  temper- 
atures from  110°  to  120°.  In  one  experiment  the  antimony 
was  first  removed  by  HjS.  Seventeen  experiments  were 
made,  giving,  if  Ag  =  108  and  CI  =  S5.5,  a  mean  value  of 
Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke's 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the 
quantities  of  SbCl^  stated  in  the  third  column ; 


-5974  grm.  Sba,  g 

ave  3.0124  grm.  AgCl, 

53.028 

■2533 

2.3620 

53.061 

.8876 

1.6754 

52,978 

.8336 

1.5674 

53-184 

.5336 

i.oazi 

53.148 

.7270 

1.369. 

53.101 

.2679 

2.3883 

53088 

.9422 

3.6646 

52.999 

.7702 

3-3384 

53-025 

.5030 

4.7184 

53.048 

.1450 

4.0410 

53-081 

.7697 

3.3=8' 

53-175 

.3435 

4.4157 

53-072 

.3686 

2.5S13 

53.020 

.8638 

3.5146 

53-030 

.0300 

3.8282 

53-02S 

.4450 

4.6086 

53.053 

This  mean  may  be  combined  with  that  of  Kessler's  series, 
LS  follows : 
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-   53-623.     ±  .O'S 
.    53,066,    ±  ,0096 


The  results  thus  obtained  with  SbClj  confirmed  Dumas' 
determination  of  the  atomic  weight  of  antimony  as  remark- 
ably as  the  syntheses  of  Sb^Sj  had  sustained  the  work  of 
Schneider.  Evidently,  in  one  or  the  other  series  a  constant 
error  must  be  hidden,  and  much  time  was  spent  by  Cooke 
in  searching  for  it.  It  was  eventually  found  that  the  chlo- 
ride of  antimony  invariably  contained  traces  of  oxychloride, 
an  impurity  which  tended  to  increase  the  apparent  atomic 
weight  of  the  metal  under  consideration.  If  was  also  found, 
in  the  course  of  the  investigation,  that  hydrochloric  acid 
solutions  of  antimonious  compounds  oxidize  in  the  air  dur- 
ing boiling  as  rapidly  as  ferrous  compounds ;  a  fact  which 
explains  the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  "assurance  doubly  sure,"  Professor 
Cooke  also  undertook  the  analysis  of  the  bromide  and  the 
iodide  of  antimony.  The  bromide,  SbBrj,  was  prepared  by 
adding  the  finely  powdered  metal  to  a  solution  of  bromine 
in  carbon  disulphide.  It  was  purified  by  repeated  distilla- 
tion over  pulverized  antimony,  and  by  several  rccrystalliza- 
tions  from  bisulphide  of  carbon.  The  bromine  determina- 
tions resembled  those  of  chlorine,  and  gave,  if  Ag  ^=  108 
and  Br  ^  80,  a  mean  value  for  antimony  of  Sb  ^  120. 
Reduced  to  a  common  standard,  the  fifteen  analyses  give 
the  subjoined  quantities  of  SbBr,  proportional  to  100  parts 
of  silver  bromide : 


8621  gmi 

SbBr,gave  2.9216  gnn.  AgUr,          63.736 

9855 

1. 5422 

63.909 

8650 

2.9268 

63-721 

5330 

2.4030 

^^3-795 

3689 

2.I44S 

63.833 

2134 

r.899' 

63.841 

94' 7 

1 .4749 

63.S48 

5404 

3-9755 

63.901 

5269 

2.3905 

63.874 

8504 

2.9180 

63.756 

7298 

2.7083 

63,870 
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3.Z838  gnn-  SbBr,  gave  5.1398  gnu.  AgBr.  63.890 

2.3589  "  3>^959  '■  ^3-825 

,,3323  "  2.0863  "  ^3-859 

2.6974  "  4-2285  "  63.791 

Mean,  63.830,   ±  ,008 

The  iodide  of  antimony  was  prepared  like  the  bromide, 
and  analyzed  in  the  same  way.  At  first,  discordant  results 
were  obtained,  due  to  the  presence  of  oxyiodide  in  the  iodide 
studied.  The  impurity,  however,  was  removed  by  sublim- 
ing the  iodide  in  an  atmosphere  of  dry  carbon  dioxide. 
With  this  purer  material,  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =  108  and  I  ^  127,  a  value  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  uniform  standard,  Cooke's 
weighings  give  the  following  quantities  of  Sbl^  proportional 
to  100  parts  of  silver  iodide : 

1. 1877  grm.  Sbljgave   1.6727  grm.  Agl.  7'-005 

.4610  ■■  .6497  "  70.956 

3.2527  ■'  4.57'6  "  71-150 

1.806S  "  2-5389  "  7>-'SS 

1.5970  "  2.2456  "  7'-ii7 

2.3201  '■  3-2''45  "  71-07' 

.3496  '■  -4927  "  70.956 


Although  Cooke's  work  was  practically  conclusive,  as 
between  the  rival  values  for  antimony,  his  results  were 
severely  criticized  by  Kessler,*  who,  evidently,  had  read 
Cooke's  paper  in  a  very  careless  way.  On  the  other  hand, 
Schneider  published  in  Poggendorff's  Annalen  a  friendly 
review  of  the  new  determinations,  which  so  splendidly  vin- 
dicated his  own  accuracy.  In  reply  to  Kessler,  Cooke  un- 
dertook still  another  series  of  experiments  with  antimony 
bromide,t  and  obtained  absolute  confirmation  of  his  pre- 
vious results.  To  a  solution  of  antimony  bromide  was 
added  a  solution  containing  a  known  weight  of  silver  not 
quite  sufficient  to  precipitate  all  the  bromine.     The  excess 

•Beriehled.  Deutsch.  Chem.  Gesell.,  12,  1044.     1879. 
■^Alner.  Jouni.  Sci.  and  Arts,  May,  1880.      Berlchte,  13,  951. 
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of  the  latter  was  estimated  by  titration  with  a  normal  silver 
solution.  Five  analyses  gave  values  for  antimony  ranging 
from  119.98  to  120.02,  when  Ag  =  108  and  Br  =  80.  Re- 
duced to  a  common  standard,  the  weights  obtained  gave 
the  amounts  of  SbBrg  stated  in  the  third  column  as  propor- 


i  grm.  Ag. 


ional  to  100 

parts 

of 

silver 

2.5032  grm.  SbBr 

2.2,28 

2.0567 

1.8509 

2.65.2 

2. 3860 

3- 3053 

2,9749 

2-7495 

■' 

=■4745 

Schneider,*  also,  in  order  to  more  fully  answer  Kessler's 
objections,  repeated  his  work  upon  the  Arnsberg  stibnite. 
This  he  reduced  in  hydrogen  as  before,  correcting  scrupu- 
lously for  impurities.  The  following  percentages  of  sulphur 
were  found : 

28.546 

28,534 

28.542 


These  figures  confirm  his  old  results,  and  may  be  fairly 
combined  with  them  and  with  the  percentages  found  by 
Cooke,  as  follows : 


Schneider,  early  s 


.   28.541,     zt-  .0024 
-   28,5183,  ±  .0120 


We  have  now  before  us  the  following  ratios,  good  and 
bad,  from  which  to  calculate  the  atomic  weight  of  antimony. 
The  single  results  obtained  by  Weber  and  by  Unger,  being 
unimportant,  are  not  included : 

(1.)  Percenl^e  of  S  b  SbjS^,  28,5385,  ±  ,0023 

(2,}  "  Sb  in  SbjOj,  79.283,  ±  ,009 

(3.)  O  needed  to  oxidije  loo  parts  SbCl,,  7.0294,  rfc  .0024 

(4.)  O  '•  ■•  SbjOp  10,953,  ±  .«'75 

(S-)  O  "  "  Sb,  13,079,  ±  .0096 

*  Journ,  Tdr  Prakt.  Chem,.  {2.)  22,  131, 
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(6.)  K,Cr,0,  :  tart: 

(7.)  AgcSbCl,;: 

(8.)  AgO  iSbClj- 

(9.)  Ag:SbBr,:: 

10.)  AgEr:SbBt3 

II.)  Agl:  Sblj:: 
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00  :  63.830,  ±  .oo( 
:  71.060,  it  -023 


Three  of  these  ratios  give  estimates  for  the  molecular 
weight  of  antimony  trichloride,  and  two  give  correspond- 
ing values  for  the  bromide.  These  values  may  be  combined, 
as  follows :  First,  for  the  chloride  we  have — 

From   (3) SbClj  =  227.094,  ±  .115 

"      (7) "     =  2Z7.77^  ±  .091 


=  228.433.  : 


.039 


General  m 


"      =  228.225,  ±  -034 

Hence  Sb  =  122.115,  ±  .055. 
For  the  bromide  we  get : 

From   (9),  _ SbBtj  =  358,926,  ±:  .032 

"    (io)_ —    "     =  358.935.  ±-°6o 


=  358-929.  ±  -029 


Hence  f 


=  119.625,  ±  .063. 


From  all  the  data  eight  values  for  Sb  may  be  deduced. 
These  fall  into  two  groups;  the  one  near  the  number  120, 
the  other  not  far  from  122.  In  making  the  calculation  the 
atomic  weights  found  in  previous  chapters  are  applied ; 
the  value  selected  for  chromium  being  that  deduced  from 
Siewert's  experiments : 

I,  From  Sb^Sj.  ratio  (l) Sb  =  12 

SbBr, "  =  119-625.  ±  ■" 

SbI,,ratio(ii) "  =  ii9'665,  =i 

tartar  emetic,  ratio  (6) "   =  118.690,  4 

Sb,0^  ratio  (2) "  =  122.181,  d 

SbQ, "  =  122,115,  4 


.063 


'   =122.053,  ± 


Although  the  means  of  the  four  lower  values  and  of  the 
four  higher  values  are  thus  shown  to  be  approximately 
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equal  in  weight,  we  know  from  Cooke's  experiments  that 
the  larger  mean  is  vitiated  by  serious  constant  errors.  Only 
in  value  5,  the  result  calculated  from  Dexter'a  experiments, 
has  the  constant  error  not  been  pointed  out.  Cooke  consid- 
ers it  probable,  however,  that  the  Sb^O,  involved  in  this 
work  contained  traces  of  some  lower  oxide,  whicli,  if  present, 
would  render  the  atomic  weight  of  antimony  apparently  too 
high.  Chemically  considered,  tho  preponderance  of  evi- 
dence is  strongly  in  favor  of  values  1  to  3,  deduced  from 
the  experiments  of  Schneider  and  of  Cooke.  These  give  a 
general  mean  of  Sb  =  119.955,  ±  .036;  or,  if  0  ^  16,  this 
becomes  Sb  =  120.231. 

This  we  may  accept  as  most  nearly  the  true  result,  and 
reject  the  data  of  Dexter,  Dumas,  and  Kessler  altogether. 

Since  this  chapter  was  written,  Pfeifer  has  compared  the 
amount  of  antimony  thrown  down  electrolytically,  with  the 
quantity  of  silver  deposited  by  the  same  current  in  the  same 
time.  From  rather  meagre  data  he  concludes  that  the  atomic 
weight  of  antimony,  thus  determined,  may  be  121.  Addi- 
tional investigation  is  promised.  The  figures  thus  far  pub- 
lished would  weigh  little  as  against  Cooke's  experiments. 
(Ann.  Chem.  Pharm.,  209,  161.     1881.) 


BISMUTH. 

Early  in  the  century  the  combining  weight  of  bismuth 
was  approximately  fixed  through  the  experiments  of  Lager- 
hjelm.*  Effecting  the  direct  union  of  bismuth  and  sulphur, 
he  found  that  ten  parts  of  the  metal  yield  the  following  quan- 
tities of  trisulphide : 

12.2520 

12.2330 


*  Annab  of  Philosophy,  4,  358.     1814.     Results  adopted  hy  Berieliu! 
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Hence  B  =  215  in  round  numbers,  a  value  now  known 
to  be  much  too  high.  Lagerhjelm  also  oxidized  bismuth 
with  nitric  acid,  and,  after  ignition,  weighed  the  trioxide 
thus  formed.  Ton  parts  of  metal  gave  t!ie  following  quan- 
tities of  BiaOj : 


Mean.  11.13285 

Hence,  if  O  =  16,  Bi  =  211.85,  a  figure  stiil  too  high. 

In  ;1851  the  subject  of  the  atomic  weight  of  bismuth  was 
taken  up  by  Schneider,*  who,  like  Lagerhjelm,  studied  the 
oxidation  of  the  metal  with  nitric  acid.  The  work  was 
executed  with  a  variety  of  experimental  refinements,  by 
means  of  which  every  error  due  to  possible  loss  of  material 
was  carefully  avoided.  For  full  details  the  original  paper 
must  be  consulted ;  there  is  only  room  in  these  pages  for  the 
actual  results,  as  follows.  The  figures  represent  the  percen- 
tages of  Bi  in  BijOj  : 

89,652 

89.682 


89.666 
89.655 


Mean,  89.6552,  ±  .0034 

Hence  Bi  =  207.523,  ±  .082 ;  or,  if  0  =  10,  Bi  -  208,001 . 

Finally,  we  come  to  the  results  obtained  by  Dumas.f 
Bismuth  trichloride  was  prepared  by  the  action  of  dry 
chlorine  upon  bismuth,  and  repeatedly  rectified  by  dis- 
tillation over  bismuth  powder.  The  product  was  weighed 
in  a  closed  tube,  dissolved  in  water,  and  precipitated  with 
sodium  carbonate.    In  the  filtrate,  after  strongly  acidulating 

*  Pog^end.  Annal,,82,  303.     1S51. 

tAnn,  deChim.  etdePhys.,  (3.)  55,  i;6.      1859, 
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.4158 
.7107 


with  nitric  acid,  tlie  chlorine  was  precipitated  by  a  known 
amount  of  silver.     The  figures  in  the  third  column  show 
the  quantities  of  BiCl^  proportional  to  100  parts  of  silver : 
3.506  gmi.  BiCl3=  3.545  grm.  Ag,  gS.goo 

■■'49  "  1.168        "  98.373 

■■5905  "  1.629         "  98.005 

2-225         "  97.829 

3- '44        "  97-996 

2-470        •'  97.806 

1-752         "  97.643 

3-6055       "  97.7,2 

5 -36'         "  97-762 

Hence  Bi  =  210.464,  ±  .294.  ''^"'  ^^'  ^  ""^ 

The  first  three  of  the  foregoing  series  of  experiments  were 
made  with  slightly  discolored  material,  and  may  therefore 
be  rejected.  The  remaining  six  percentages  give  a  mean  of 
97.791;  whence  Bi  =  209.78;  or,  if  0  =  16,  Bi  =  210.26. 

As  between  the  unaccordant  results  of  Schneider  and  of 
Dumas,  those  of  the  former  chemist  are  probably  nearest 
correct.  His  method  of  determination  was  the  more  reliable, 
and  the  details  which  he  gives  concerning  his  manipulations 
afford  strong  presumptions  of  accuracy.  Doubtless  the  bis- 
muth trichloride  used  by  Dumas,  contained,  like  the  corres- 
ponding antimony  compounds,  traces  of  oxychloride.  We 
may  iairly  assume,  for  all  practical  purposes,  that  ttie  atomic 
weight  of  bismuth  cannot  be  far  from  208, 


TIN. 


Stannic  oxide  and  stannic  chloride  are  the  compounds 
which  have  been  studied  in  estimating  the  atomic  weight 
of  tin. 

The  composition  of  stannic  oxide  has  been  fixed  in  two 
ways;  by  synthesis  fi-om  the  metal,  and  by  reduction  in 
hydrogen.  For  the  first  method  we  may  consider  the  work 
of  Berzelius,  Mulder  and  Vlaanderen,  and  Dumas. 
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Berzelias*  oxidized  100  parts  of  tin  by  nitric  acid,  and 
found  that  127.2  parts  of  SnOj  were  formed. 

The  work  done  by  Mulder  and  Vlaa,nderen  f  was  done  in 
connection  with  a  long  investigation  into  the  composition  of 
Banca  tin,  which  was  found  to  be  almost  absolutely  pure. 
For  the  atomic  weight  determinations,  however,  really  pure 
tin  -was  taken,  prepared  from  pure  tin  oxide.  This  metal 
was  oxidized  by  nitric  acid,  with  the  following  results.  100 
parts  of  tin  gave  of  SnOj : 

127.56— Mulder. 
127.5  ^ — Vlaanderen . 
127.43— 


Dumas  t  oxidized  pure  tin  by  nitric  acid  in  a  flask  of 
glass.  The  resulting  SnO^  was  strongly  ignited,  first  in  the 
flask,  and  afterwards  in  platinum.  His  weighings,  reduced 
to  the  foregoing  standard,  give  for  dioxide  from  100  parts 
of  tin  the  amounts  stated  in  the  third  column : 
12.443  S™-  Sngave  15.820  grm.  SnO,.  137.14 


Mean,  127.105,  ±  .024 

In  an  investigation  later  than  that  previously  cited, 
Vlaanderen  l|  found  that  when  tin  was  oxidized  in  glass  or 
porcelain  vessels,  and  the  resulting  oxide  ignited  in  them, 
traces  of  nitric  acid  were  reta,ined.  When,  on  the  other 
hand,  the  oxide  was  strongly  heated  in  platinum,  the  latter 
was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
uncertain.  He  therefore,  in  order  to  fix  the  atomic  weight 
of  tin,  reduced  the  oxide  by  heating  it  in  a  porcelain  boat 
in  a  stream  of  hydrogen.  Two  experiments  gave  Sn  = 
118.08,  and  Sn  =  118.24.  These,  when  O  ^  16,  become,  if 
reduced  to  the  above  common  standard. 


"Poggend,  Annal.,8.  177. 
f  Journ.  fiir  Prakt.  Chem.,  49,  35. 
JAnn.  Chem.  Pharm.,  II3,  26. 
llJahresbeticht,  1858,  183. 
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Mean,  127.082,  zb  .012 

We  have  now  four  series  of  results  showing  the  quantity 
of  SnOj  formed  from  100  parts  of  tin.  To  Berzelius'  single 
value  may  be  assigned  the  probahle  error  of  a  single  experi- 
ment in  Mulder  and  Vlaanderen's  series : 

Berzelius. 127.200,  ±  .041— Oxidation. 

Mulder  and  Vlaanderen 127.517,  ±  .029 —         '• 

Dumas 127.105,  zfc  .024 —        ■' 

Vtaanderen 127.082,  zt  .012 — ^Reductioii. 


General  mean '27-143.  ±  -OOpS 

Dumas,  in  the  paper  previously  quoted,  also  gives  the 
results  of  some  experiments  with  stannic  chloride,  SnCl,. 
This  was  titrated  with  a  solution  containing  a  known  weight 
of  silver.  From  the  weighings  given,  100  parts  of  silver 
correspond  to  the  quantities  of  SnCl^  named  in  the  third 
column : 

1,839  E"n-  SnCJ,  =  3.054  grni.  Ag.  60.216 

2.665  "  4-427  "  60,199 

Mean,  60.207,  ±  -"ofi 

All  these  data  properly  combined  give  us  the  following 
values  for  the  atomic  weight  of  tin : 

From  SnOj Sn  =  117.624,  ±z  -050 

"     SnCl,_ '■  =;  ii7.832,  ±  .067 

GeneTiil  mean "   ^^  117.698,  zfc  .040 

If  0  =  16,  this  becomes  Sn  =  117.968. 
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The  earliest  determinations  of  the  atomic  weight  of  tita- 
nium are  due  to  Heinrich  Rose.*  In  his  iirst  investigation 
he  studied  the  conversion  of  titanium  sulphide  into  titanic 
acid,  and  obtained  erroneous  results ;  later,  in  1829,  he  pub- 
lished his  analyses  of  the  chloride-f  This  compound  was 
purified  by  repeated  rectifications  over  mercury  and  over 
potassium,  and  was  weighed  in  bulbs  of  thin  glass.  These 
■were  broken  under  water  in  tightly  stoppered  flasks ;  the 
titanic  acid  was  precipitated  by  ammonia,  and  the  chlorine 
was  estimated  as  silver  chloride.  The  following  results  were 
obtained.  In  a  fourth  column  I  give  the  TiOj  in  percent- 
ages referred  to  TiCl,  as  100;  and  in  a  fifth  column  the 
quantity  of  TiCl^  proportional  to  100  parts  of  AgCl; 


ric/.. 

no,. 

AgCl. 

P 

r  cent.  TiO,. 

AgC!  Ratio. 

.885  grm. 

.379  grm- 

2.661  grai 

42.825 

33.^58 

2.6365  " 

7-954    " 

42.48' 

33- "47 

1. 7157  '■ 

.732     " 

5.172     ■• 

42.665 

33- '73 

3.0455  " 

1.322     '■ 

9.198     '• 

43-423 

33.100 

2.4403  '■ 

1.056     " 

7.372     " 

43.273 

33- 102 

Mean 

42.933.  ±  ■ 

21      33-i5^.  ±-019 

If  we  directly  compare  the  AgCl  with  the  TiOj  we  shall 
find  100  parts  of  the  former  proportional  to  the  following 
quantities  of  the  latter : 

14.243 


From  all  these  figures  we  can  get  three  values  for  Ti,  thus : 


*  Gilbert's  Annalen,  1823,  67  and  129. 

f  Poggend.  Anna!.,  15,  I45.      Berj.  Lehrbuch,  3,  1 
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From  per  cent.  TiOj Ti  =  50.493,  ±  .410 

"     AgCl  r  TiCl, "   -  48.232,  ±  .127 

"     AgCl  :  TiO, "  =  49-523.  ^  -206 

Genera!  mean "   =--^  48.710,  ±  .105 

These  results  will  be  discussed  further  along  in  connection 
with  others. 

Shortly  after  the  appearance  of  Hose's  paper,  Mosander  * 
published  some  figures  giving  the  percentages  of  oxygen  in 
titanium  dioxide,  from  which  a  value  for  the  atomic  weight 
of  titanium  was  deduced.  Although  no  details  are  furnished 
as  to  experimental  methods,  and  no  actual  weighings  are 
given,  I  cite  his  percentages  for  whatever  they  may  be  worth  : 

40.  Si  4 

40.825 

40.660 
39-830 

Mean,  40,428 

These  figures  give  values  for  Ti  ranging  from  46.277  to 
48.231 ;  or,  in  mean,  Ti  =  47.045.  They  are  not,  however, 
sufficiently  explicit  to  deserve  any  further  consideration. 
It  will  be  noticed  that  the  highest  value  nearly  coincides 
with  Rose's  lowest. 

In  1847  Isidor  Pierre  made  public  a  series  of  important 
determinations-t  Titanium  chloride,  free  from  silicon  and 
fix)m  iron,  was  prepared  by  the  action  of  chlorine  upon  a 
mixture  of  carbon  with  pure,  artificial,  titanic  acid.  This 
chloride  was  weighed  in  sealed  tubes,  these  were  broken 
under  water,  and  the  resulting  hydrochloric  acid  was 
titrated  with  a  standard  solution  of  silver  after  the  method 

*  Berz.  Jahresberichl,  lo,  lo8.     1S31. 
t  Ann.  de  Chim,  e(  Phys.,  (3,)  20,  257. 
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of  Pelouze.     I  subjoin   Pierre's  weighings,  and  add,  i 
third  column,  the  ratio  of  TiCI,  to  100  parts  of  silver: 


8215  grm.        1 

84523  b™. 

44-SZO 

7740  ■'         I 

73909  ■' 

44.506 

7775  ■■        1 

74613  ■■ 

44.527 

;i6o  ■■        1 

61319  " 

44.412 

8085  '■        I 

82344  •' 

44-339 

6325  "        i 

42230  ■' 

44-470 

815s  " 

83705  " 

44-392 

Si6s  '■        , 

83899  " 

44.399 

8065  ■' 

81965  " 

44.322 
Mean,  44.432.  ± 

It  will  be  seen  that  tlie  first  threo  of  these  results  agree 
well  with  each  other  and  arc  much  higher  than  the  remain- 
ing six.  The  last  four  experiments  were  made  purposely 
■with  tubes  which  had  been  previously  opened,  in  order  to 
determine  the  cause  of  the  discrepancy.  According  to 
Pierre,  the  opening  of  a  tube  of  titanium  chloride  admits  a 
trace  of  atmospheric  moisture.  This  causes  a  deposit  of 
titanic  acid  near  the  mouth  of  the  tube,  and  liberates  hydro- 
chloric acid.  The  latter  gas  being  heavy,  a  part  of  it  falls 
back  into  the  tube,  so  that  the  remaining  chloride  is  richer 
in  chlorine  and  poorer  in  titanium  than  it  should  be. 
Hence,  upon  titration,  too  low  figures  for  the  atomic  weight 
of  titanium  are  obtained.  Pierre  accordingly  rejects  all  but 
the  first  three  of  the  above  estimations : 

From  all  of  Pierre's Ti  =  49.889,  i  .096 

"      the  first  three "  =  50,259,  ±  .063 


The  memoir  of  Pierre  upon  the  atomic  weight  of  titanium 
was  soon  followed  by  a  paper  from  Demoly,*  who  obtained 
much  higher  results.  He  also  started  out  from  titanic  chlo- 
ride, which  was  prepared  from  rutile.  The  latter  substance 
was  found  to  contain  1,8  per  cent,  of  silica ;  whence  Demoly 
inferred  that  the  TiCI,  investigated  by  Rose  and  by  Pierre 

*  Ann,  Chem,  Pliann.,  72,  214.      1849.      Berz.  Jahresb,,  30,  58. 
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might  have  been  contaminated  with  SiCl,,  an  impurity 
which  would  lower  the  value  deduced  for  the  atomic  weight 
under  consideration.  Accordingly,  in  order  to  eliminate  all 
such  possible  impurities,  this  process  was  resorted  to:  the 
chloride,  after  rectification  over  mercury  and  potassium,  was 
acted  upon  by  dry  ammonia,  whereupon  the  compound 
TiCl4.4NH3  was  deposited  as  a  white  powder.  This  was 
ignited  in  dry  ammonia  gas,  and  the  residue,  by  means  of 
chlorine,  was  reconverted  into  titanic  chloride,  which  was 
again  repeatedly  rectified  over  mercury,  potassium,  and 
potassium  amalgam.  The  product  boiled  steadily  at  135°. 
This  chloride,  after  weighing  in  a  glass  bulb,  was  decomposed 
by  water,  the  titanic  acid  was  precipitated  by  ammonia,  and 
the  chlorine  was  estimated  in  the  filtrate  as  silver  chloride. 
Three  analyses  were  performed,  yielding  the  following  re- 
sults.    I  give  the  actual  weighings: 

1.470  grm.  TiCljgave  4.241  gnn.  AgCl  and  .565  grm,  TiO,, 
3.330  "  6.753  "  ,Soi 

The  ".801 "  in  the  last  column  is  certainly  a  misprint  for 
.901.  Assuming  this  correction,  the  results  may  be  given 
in  three  ratios,  thus : 

Pir  cent,  TiO^from  TiCI,.        TiCi,  ,■  too  AgCI.  TiO^  :  roo  AgCl. 
38.43s                                    34.663  13.322 

3S.669  34.508  13.344 

37.778  34.574  >3.d6i 

Mean,  38.394,  ±  .180  34.58',  ±  .030  13.242.   ±  .061 

These  three  ratios  give  three  widely  divergent  values  for 
the  atomic  weight  of  titaniun ; 

From  per  cent.  TiOj Ti  =  36.063,  i  .519 

"     Aga  !  TiO, "  =  43.841,  ±  .350 

"     AgCl:TiCl, "  =56.386,^.181 

General  mean "  =^  52.191,  ±  .153 

The  value  assumed  by  Demoly  is  56 ;  who  employs  but 
one  ratio  and  ignores  practically  the  others. 
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Upon  comparing  Dcmoly's  figures  with  those  obtained  by 
Rose,  certain  points  of  similarity  are  plainly  to  be  noted. 
Both  sets  of  results  were  reached  by  essentially  the  same 
method ;  and  in  both  the  discordance  between  the  percent- 
ages of  titanic  acid  and  of  silver  chloride  is  glaring.  This 
discordance  can  rationally  be  accounted  for  by  assuming 
that  the  titanic  chloride  was  in  neither  case  absolutely 
what  it  purported  to  be;  that,  in  brief,  it  must  have  con- 
tained impurities;  such  for  example  as  hydrochloric  acid, 
as  shown  in  the  experiments  of  Pierre,  or  possibly  traces  of 
oxychlorides.  Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attained  by  Pierre,  for  he  neglected  the 
direct  estimation  of  the  titanic  acid  altogether,  thus  leaving 
us  without  means  for  correctly  judging  as  to  the  character 
of  his  material.  In  fact,  not  one  of  the  determinations  ol 
the  atomic  weight  of  titanium  can  be  regarded  as  trust- 
worthy. All  depend  upon  the  chloride,  and  the  volatile 
chlorides  of  metals  are  as  a  class  especially  liable  to  con- 
taminations of  a  kind  most  difficult  to  recognize.  Possibly 
a  series  of  good  determinations  might  be  based  upon  analy- 
ses of  some  of  the  titan ofluor ides.  I  subjoin  a  combination 
of  the  foregoing  mean  values,  feeling  that  such  a  general 
average  is  a  little  better  than  any  one  set  of  determinations 
taken  singly : 

From  Rose's  analyses Ti  =  48.7.IO,  ±  .105 

"     Pierre's      "       "  =^  49.889.  ±  .096 

"     Demoly's   "       _-."=  52.191,  ± -153 

General  mean "  =  49.846,  i;  .064 

Or,  if  0  =  16,  Ti  ^  49.961. 

This  mean  agrees  with  the  average  of  all  of  Pierre's  ex- 
periments. 
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ZIRCONIUM. 


The  atomic  weight  of  zirconium  has  been  determined  by 
EerzeHus,  by  Hermann,  and  by  Marignae.  Berzelius*  ig- 
nited the  neutral  sulphate,  and  thus  ascertained  the  ratio  in 
it  between  the  ZrO^  and  the  SO,.  Putting  SO,  at  100,  he 
gives  the  following  proportional  quantities  of  ZrO, ; 


Mean,  75.853,  ±  .023 

Hence  Zr  =  89.255,  ±  .039;  or,  if  0  =  16,  then  Zr  = 
89.461. 

Hermann's  t  estnnate  of  the  atomic  weight  of  zirconium 
was  based  upon  analyses  of  the  chloride,  concerning  which 
he  gives  no  details  or  weighings.  From  sublimed  zirconium 
chloride  he  finds  Zr  =  831.8,  when  0  =  100 ;  and  from  two 
lots  of  the  basic  chloride  2ZrOCl,.9H,0,  Zr  =  835.65  and 
851.40  respectively.  The  mean  of  all  three  is  839.62; 
whence,  with  modern  formula  and  0  —  15.9633,  Zr  becomes 
=  89.354, 

Marignae's  results  X  were  obtained  by  analyzing  the  double 
fluoride  of  zirconium  and  potassium.  His  weights  are  as 
follows : 

i.ooo  grm.  gave  .431  grm.  ZrO^  and  .613  grin.  K^SO^. 


ise  figures  give  us  three  ratios.     A,  the  ZrO .,  from  100 

•Poggend.  Annal.,4,  126.      1825. 

t  Joum.  fur  Prakl.  Chem.,  31,  77.     Berz.  Jahresb.,  25,  147. 

J  Ann.  Chim.  Pliys.,  (3,)  60,  270.     i860. 
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parts  of  salt;  B,  the  K^SO,  from  100  parts  of  salt;  and  C, 
the  ZrOj  proportional  to  100  parts  of  KjSO, : 

A.                               B.  C. 

43.100                       61.300  70-310 

43.200                        61,600  70.130 

43.119                        61.000  70.677 

43.380                        61.560  70.468 

Mean,  43-200,  ±  .c^3         61.365,  ±  .094         70-39^.  ±  -079 

From   A Zr  =  89.775,  ±  -^'^ 

"      B — "  —  91.40S,  ±  .437 

"      C "  =90.476,  ±  .138 

General  mean "  =:  90.328,  ±  .113 

Or,  if  0  =  16,  Zr  =  90.536. 

Combining  with  Berzelius'  work  we  get  this  result : 

Berzelius Zr  =  89.255.  ±  .039 

Marignac "  =  90.32S,  ±  .113 

General  mean "  =:  89.367,  ±.037 

Or,  if  0  =  16,  Zr  ^  89.573. 

These  figures  need  little  criticism.  They  show  conclu- 
sively that  the  atomic  weight  of  zirconium  ought  to  be 
redetermined.  Probably  the  method  employed  by  Berze- 
lius was  the  best  with  respect  to  manipulation,  while  on 
the  other  hand  it  is  likely  that  Marignae  worked  with 
purer  material.  Hermann's  experiments  could  hardly  have 
yielded  certain  results,  since  the  zirconium  chloride  might 
so  easily  become  contaminated  with  traces  of  moisture  and 
thence  of  oxygen. 
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THORIUM. 


The  atomic  weight  of  thorium  has  been  determined  from 
analyses  of  the  sulphate,  oxalate,  formate,  and  acetate,  with 
widely  varying  results.  The  earliest  figures  are  due  to  Ber- 
zelius,*  who  worked  with  the  sulphate,  and  with  the  double 
sulphate  of  potassium  and  thorium.  The  thoria  was  pre- 
cipitated by  ammonia,  and  the  sulphuric  acid  was  estimated 
as  BaSOj.  The  sulphate  gave  the  following  ratios  in  two 
experiments.  The  third  column  represents  the  weight  of 
ThOj  proportional  to  100  parts  of  EaSO, : 

,6754  grni.  ThO,  =   1. 159  ijrm.  BaSO..  Ratio,  58.274 

1. 0515  ■'  1.S32  "  "        57.396 

The  double  potassium  sulphate  gave  .265  grm.  ThOj,  .156 
grm.  SO,,  and  .3435  K,SO,.  The  SO,,  with  the  Berzelian 
atomic  weights,  represents  .4537  grm.  BaSO,.  Hence  100 
BaSO^  is  equivalent  to  58.408  ThOj.  This  figure,  combined 
with  the  two  previous  values  for  the  same  ratio,  give  a  mean 
of  58.026,  +  .214.     Hence  ThO,  =  269.940,  ±  .997. 

From  the  ratio  between  the  KjSOj  and  the  ThO^  in  the 
double  sulphate,  ThO^  ^  268.284. 

In  1861  new  determinations  were  published  by  Chyde- 
nius,t  whose  memoir  is  accessible  to  me  only  in  an  abstract  J 
which  gives  results  without  details.  Thoria  is  regarded  as 
a  monoxide,  ThO,  and  the  old  equivalents  (0  =  8)  are  used. 
The  following  values  are  assigned  for  the  molecular  weigh! 
of  ThO,  as  found  from  analyses  of  several  salts : 


Fram  Sulphate.        From  K.  Th. 

Sulphate. 

66.33                               67-°- 

6713 

67.75 

68.03 

Mean,  67.252,  ±  .201 

»  Po^end.  Annal.,  16,  398.      1829.      Lehrbuch.  3, 
-j-  Kemisk  undersSlinLnE  af  Thoijord  oeh  Thoraaltcr. 
academic  dissertalion. 

tPo^end.  Annal.,  119,  55.     1S63. 

1224. 

.      Helsingfors 
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■l\Xi 

m  A  -iltttt 

From  Forntati. 

From   Oxalale. 

67 .3' 
66.50 

68,06 

65.871  Two  results 

67.89 

65.95/     byBerlm, 

67.27 

68.94 

65.75 

67.06 

65- '3 

68.40 

.Mean,  68.297.   ± 

2.9             66,54 
65.85 

67.326.  ± 

201 

Mean,  65.85,  ±,123 

We  may  fairly  assume  that  these  figures  were  calculated 
with  0  =  8,  C  --  6,  and  S  ^  16.  Correcting  by  the  values 
for  these  elements  which  have  been  found  in  previous  chap- 
ters, ThOj  becomes  as  follows: 

Fiom  sulphate- ThO,  =  268,584,  ±  .803 

"      acetate "      =-  268,735,  ±  -805 

"       formate "      =272.586,^.877 


The  single  result  from  the  double  potassium  sulphate  is 
included  with  the  column  from  the  ordinarj'  sulphate,  and 
the  influence  of  the  atomic  weight  of  potassium  is  ignored. 

Chydenius  was  soon  followed  by  Mare  Delafontaine,  whose 
researches  appeared  in  1863.*  This  chemist  especially  stud- 
ied thorium  sulphate ;  partly  in  its  most  hydrous  form,  partly 
as  thrown  down  by  boiling.  In  Th(S0,)j.9H,0,  the  follow- 
ing percentages  of  ThO,  were  found  : 

4S.08 
44.90 
45.06 

45-21 

45.06 

Mean,  45.062,  ±  .0332 

Hence  ThO,  -  263.637,  ±  .256. 

The  lower  hydrate,  2Th(SO,),,9H,0,  was  more  thoroughly 
investigated.  The  thoria  was  estimated  in  two  ways ;  first, 
(A,)  by  precipitation  as  oxalate  and  subsequent  ignition ; 
second,  (B,)  by  direct  calcination.  These  percentages  of 
ThOi  were  found: 
~  *  Arch,  de?  Sci.  Phy^i.  el  Nat.,  (z,)  18,  343- 


.yGoogle 


THE    ATOMIC    WEIGHTS. 


5^.83 1 
52.52 

52.72 

52-47 

52.49 

52.53 

52.13 

52.13 

52-43 

52,60 

52.40 

?2.q6 

52.S2  J 

Mean,  53.511,  ±  .047 

6.025,  ±  .363. 


Hence  ThO,  ^ 

In  three  experiments  with  this  lower  hydrate  the  sul- 
phuric acid  was  also  estimated,  being  thrown  down  a.s 
barium  sulphate  after  removal  of  the  thoria : 


1.2425  grm.  gave  .400  SOj, 


(1.1656  grm.  BaSO,.] 
('-0665  "  ) 

{   .6720  "  ) 


The  figures  in  parenthesis  are  reproduced  by  myself  from 
Delafontaine's  results,  he  having  calculated  his  analyses  with 
0  =  100,  S  =  200,  and  Ba  ==  857.  These  data  may  be  re- 
duced to  a  common  standard,  so  as  to  represent  the  quantity 
of  2Th(S0  J,.9HjO  equivalent  to  100  parts  of  BaSO^.  We 
then  have  the  following  results: 

106.597 

106.704 


Henoo  ThO, 


Mean,  107.509,  ±  .585 

=  259.555,  ±  2.725. 


Delafontaine  seems  himself  to  have  calculated  from  the 
ratio  between  the  percentages  of  SO3  and  ThO^  ;  whence, 
with  our  revised  values  for  S,  Ba,  and  O,  ThO^  =^  262.643- 

Delafontaine's  work  was  soon  confirmed  by  Hermann,* 
*  Joura.  fUr  Prakt.  Chem.,  93,  114. 
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who  published  a  single  analysis  of  the  lower  hydrated  sul- 
phate, as  follows : 

ThO, 52.87 

so, 32.11 

H,o _  15.02 


Hence,  from  the  ratio  between  SO 3  and  ThOj,  ThO,  = 
263.030.  Probably  the  SO,  percentage  was  loss  upon  calci- 
nation. 

The  latest,  and  probably  also  the  best  determinations,  are 
those  of  Cieve,*  whose  results,  obtained  from  both  the  sul- 
phate and  the  oxalate  of  thorium,  agree  admirably.  The 
anhydrous  sulphate,  calcined,  gave  the  subjoined  percent- 
ages of  thoria : 


Hence  ThO,  =  265.380,  ±  .123. 

The  oxalate  was  subjected  to  a  combustion  analysis, 
whereby  both  thoria  and  carbonic  acid  could  be  estimated. 
From  the  direct  percentages  of  these  constituent  no  accu- 
rate value  can  be  deduced,  there  having  undoubtedly  been 
moisture  in  the  material  studied.  From  the  ratio  between 
CO  2  and  ThO  2,  however,  good  results  are  attainable.  This 
ratio  I  put  in  a  fourth  column,  making  the  thoria  propor- 
tional to  100  parts  of  carbon  dioxide : 

Oxalate.  Tk  O,.  CO,.  Ratio. 

1.7135  gmi.  i.oiSg  grni.  -6736  gnu.  r5i.362 

1.3800    "  .Szio    '■  .5433     "  151. "4 

1.1850    '■  .7030    "  .4650    "  151.183 

1.0755     "  .6398     "  .4240    '■  150.896 


a  Vet.  Akad.  Handlinger, 
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There  are  now  before  us  twelve  estimates  for  the  molecular 
weight  of  thoria.  Two  of  these  represent  single  experi- 
ments, and  have  no  probable  error  attached  to  them ;  namely, 
the  one  due  to  Hermann,  and  the  one  deduced  from  Berze- 
Uus'  KjSO,  :  ThOj  ratio.  A  third  value,  from  Delafon- 
taine's  sulphuric  acid  estimations,  has  so  high  a  probable 
error  that  it  could  be  rejected  without  influencing  the  gene- 
ral mean.  These  three  values  might  all  be  excluded  with- 
out serious  objection ;  but  it  is  perhaps  better  to  arbitrarily 
assign  them  equal  weight,  average  them  together,  and  give 
their  mean  the  same  probable  error  as  that  which  attaches 
to  Berzelius'  BaSOj  :  ThOj  series.  This  mean  is  indicated 
as  "A"  in  the  following  combination : 

Value  "A" ThO,  =  263.623,  = 

Berielius 

Chydenius— Sulphate 

"  Acetate 

■'  Formate 

Oxalate 

Delafontaine — Higher  hydrate 

aeve— Sulphate 

Oxalate 

General  mean 

Hence  Th  =  233.414,  ±  .0725;    or,  if  0  =  16,  Th  = 


—  203.  b23 

=  269.940 

_i 

m? 

=  268.584 

± 

So^ 

^  268.735 

7^r 

80.; 

=  272-586 

4- 

877 

=  262.804 

± 

491 

^  263.637 

zb 

2^6 

—  266.025 

-4- 

161 

=  265.380 

± 

121 

=  2'i5-357 

dz 

104 

=  265.341 

± 

072 

These  values  vary  from  those  derived  from  Cieve's  experi- 
ments alone  only  in  the  second  decimal. 


GALLIUM. 

Gallium  has  been  so  recently  discovered,  and  obtained  in 
such  small  quantities,  that  its  atomic  weight  has  not  as  yet 
been  determined  with  much  precision.  The  following  data 
were  fixed  by  the  discoverer,  Leeoq  de  Boisbaudran :  * 


*Jo" 


.  Chem.  Soc,  1878,  p.  646. 
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3.1044  grammes  gallium  ammonium  alum,  upon  ignition, 
left  .5885  grra.  GasOg. 
Hence  Ga  =  68.071.     If  0  -  16,  Ga  -  68.233. 

.4481  grammes  gallium,  converted  into  nitrate  and  ig- 
nited, gave  .6024  grm.  GagOj. 
Hence  Ga  =  69.538.     If  0  -  16,  Ga  ^  69.693. 


These  values,  assigned  equal  weight,  give  th 

If  0  =  15.9633,  Ga  =  68.854.     If  0  =  16,  Ga  =  68.963. 

In  brief,  for  all  practical  purposes,  69  may  be  assumed  as 
the  atomic  weight  of  gallium. 


INDIUM. 


Reich  and  Richter,  the  discoverers  of  indium,  were  also 
the  first  to  determine  its  atomic  weight.*  They  dissolved 
weighed  quantities  of  the  metal  in  nitric  acid,  precipitated 
the  solution  with  ammonia,  ignited  the  precipitate,  and 
ascertained  its  weight.     Two  experiments  were  made,  as 

follows: 

■5'35  g""-  '"dium  gave  .6243  g™i-  InjOj. 
.699  "  .S5'5 

Hence,  in  mean,  In  =  110.61,  if  0  =  16;  a  value  known 
now  to  be  too  low. 

An  unweighed  quantity  of  fresh,  moist  indium  sulphide 

was  also  dissolved  in  nitric  acid,  yielding,  on  precipitation, 

.2105  gnn.  IHjO,  and  .542  grm.  BaSO,. 

Hence,  with  BaSO,  =  233,  In  =  111.544;  also  too  low. 
Soon  after  the  publication  of  Reich  and  Riehter's  paper 
the  subject  was  taken  up  by  Winkler.f     He  dissolved  in- 
dium in  nitric  acid,  evaporated  to  dryness,  ignited  the  resi- 
due, and  weighed  the  oxide  thus  obtained, 

*  Joum.  fiir  Prakt.  Cliem.,  92.  484. 
■|- Joum,  fflr  Prakt.  Chem.,  94,  S. 
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•5574  S"»-   In  gave  .6S17  gnn.  In,0,. 
.6661      "      -8144     " 
.5011      "      .6126     " 

Hence,  in  mean,  if  0  =^  Ifi,  In  =^  107.76;  a  result  oven 
lower  than  tlie  values  already  cited. 

In  a  later  paper  by  Winkler*  better  results  were  obtained. 
Two  methods  were  employed.  First,  metaliie  indium  was 
placed  in  a  solution  of  pure,  neutral,  sodio-auric  chloride, 
and  the  amount  of  gold  precipitated  was  weighed.  I  give 
the  weighings  and,  in  a  third  column,  the  amount  of  in- 
dium proportional  to  100  parts  of  gold : 

Ih.  Au.  Ratio. 

.4471   gnn,  .8205  grm.  57-782 

.8445     "  1.4596     "  57.858 


Hence,  if  Au  ^  196.155,  ±  .095,  In  =  113.417,  ih  .074. 

Winkler  also  repeated  his  earlier  process,  converting  in- 
dium into  oxide  by  solution  in  nitric  acid  and  ignition  of 
the  residue.  An  additional  experiment,  the  third  as  given 
below,  was  made  after  the  method  of  Reich  and  Richter. 
The  third  column  gives  the  percentage  of  In  in  lUjOj  : 
1.124  g''™>  In  gave  1.3616  grm.  In^Oj.  Percent.,  82.550 

1.015  "  1,2391  "  "  82.581 

.6376  '■  .7725  "  ■•  82,537 

These  figures  were  confirmed  by  a  single  experiment  of 
Bunsen's,t  published  simultaneously  with  the  specific  heat 
determinations  which  showed  that  the  oxide  of  indium  was 
lujOa,  and  not  InO  as  had  been  previously  supposed  : 

1.0592  grm.  In  gave   1.2825  grm.  IrijOj.  Percent.  In,  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler's 
series,  which  gives  us  a  mean  percentage  of  In  in  InjOg  of 
82.564,  ±  .0082.  Hence,  if  0  =  15.9633,  =h  .0085,  In  = 
113.385,  ±  .060. 

*  Joum.  fur  Prakl.  Chem,,  102,  282, 
t  Po^end.  Annal.,  141,  28. 
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Combining  results,  we  have  the  following  general  mean : 

From  gold  series In  =  113.417.  ±  ■074 

"      oxide   "     - "  =  113.385,  ±  .060 

General  mean "    —  113.398.  ±  .047 

Or,  if  0  =  16,  In  =  113.659. 


CERIUM. 

Although  cerium  was  discovered  almost  at  the  beginning 
of  the  present  century,  its  atomic  weight  was  not  properly- 
determined  until  after  the  discovery  of  lanthanum  and 
didymium  by  Mosander.  In  1842  the  investigation  was 
undertaken  by  Beringer,*  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  there- 
fore were  not  wholly  free  from  didymium ;  and  his  results 
are  further  affected  by  a  neghgence  on  his  part  to  fully 
describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared 
by  dissolving  the  carbonate  in  hydrochloric  acid.  This 
gave  weights  of  eeroso-ceric  oxide  and  silver  chloride  as 
follows.  The  third  column  shows  the  amount  of  CeOj  pro- 
portional to  100  parts  of  AgCl : 

OOj.  AgCl.  Kalio. 

o7S5  grm-  '-419  2™-  40-557 

.6715     "  '.5595  "  40.464 

1.1300    "  2,786    ■'  40.560 

.5366    "  i.33>6  "  40-297 

Mean,  40.469,  ±  .0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as 
follows.  In  a  fourth  column  I  show  the  amount  of  CeO, 
proportional  to  100  parts  of  BaSO, : 


*  Ann.  Chem.  Phar 
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Sulphate.  CeO.^. 

1-379  g™-  -8495  K™' 

1.276     "  .7875     " 

1.246    •'  .7690    " 

1-55.1     '■  -9595     " 


Beringer  also  gives  a  single  analysis  of  the  formate  and 
the  results  of  one  conversion  of  the  sulphide  into  oxide. 
The  figures  are,  however,  not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringer's 
paper.  Where  T  put  CeOj  as  found  he  puts  CejOj.  The 
latter  is  plainly  inadmissible,  although  the  atomic  weights 
calculated  from  it  agree  curiously  well  with  some  other 
determinations.  For  instance,  in  the  chloride  series,  the 
assumption  of  CejOg  as  the  formula  of  the  oxide  obtained, 
gives  Ce  =  137.749,  while  CeO,  makes  Ce  ^  141.636.  The 
former  agrees  with  the  results  of  Wolf,  Wing,  and  others 
quite  fairly ;  the  latter  is  near  the  value  obtained  by  Biihrig. 
Obviously,  the  presence  of  didymium  in  the  salts  analyzed 
should  tend  to  raise  rather  than  to  lower  the  apparent  atomic 
weight  of  cerium. 

Shortly  after  Beringer,  Hermann  *  published  the  results 
of  one  experiment.  23.532  grm.  of  anhydrous  cerium  sul- 
phate gave  29,160  grm.  of  BaSO,.  Hence  100  parts  of  the 
sulphate  correspond  to  123.926  of  BaSO,. 

In  1848  similar  figures  were  published  by  Marignac,t 
who  found  the  following  amounts  of  BaSO^  proportional  to 
100  of  dry  cerium  sulphate : 


If  we  give  Hermann's  single  result  the  weight  of  one  ex- 
periment in  this  series,  and  combine,  we  get  a  mean  value 
of  123.019,  ±  .113. 

•  Journ.  fur  Prakt.  Chem.,  30,  185.     1843. 

t  Arch,  des  Sciences  Phys.  et  Nat.,  (l,)  8,  273.     184S, 
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Still  another  method  was  employed  by  Marignae.  A  defi- 
nite mixture  was  made  of  solutions  of  cerium  sulphate  and 
barium  chloride.  To  this  were  added,  volumetrically,  solu- 
tions of  each  salt  successively,  until  equihbrium  was  at- 
tained. The  figures  published  give  maxima  and  minima 
for  the  BaCla  proportional  to  each  lot  of  Cei(S0()3.  In 
another  column,  using  the  mean  value  for  BaCla  in  each 
case,  I  put  the  ratio  between  100  parts  of  this  salt  and  the 
equivalent  quantity  of  sulphate.  The  latter  compound  was 
several  times  reerystallized : 


%(50,) 

■ 

First  crystall 

ization. 

II.OM     B 

',■ 

194 

Second 

13 

627 
9'S 

Tliird 

H 
14 

ti3 

FouRh 

13 

1^ 

970 

1.990  — 

12.050  grai. 

91.606 

4.365  — 

14.425     " 

91.657 

5.225  — 

15.285     '• 

91.518 

3.761  - 

.3.S21      " 

91.559 

2.970  — 

13.030     " 

91.654 

6.223  — 

16.283     " 

91.602 

5-383  - 

15.423      '■ 

91.755 

4.270  — 

14-330     " 

9'. 685 

S-223  — 

15.2S3     ■' 

91.588 

Mean 

91.62s-  ± 

Omitting  the  valueless  experiments  of  Kjerulf,*  we  come 
next  to  the  figures  published  byBunsenand  Jegelf  in  1858. 
From  the  air  dried  sulphate  of  cerium  the  metal  was  pre- 
cipitated as  oxalate,  which,  ignited,  gave  CeOa.  In  the 
filtrate  from  the  oxalate  the  sulphuric  acid  was  estimated  as 
BaSO, : 

1,5726  grm.  sulphate  gave  .7899  grni.  CeO,  and  1.6185  STm.  BaSO,. 
1.6967  "  .8504  "  1.7500 

Hence,  for  100  parts  BaSO^,  the  CeO,  is  as  follows; 
48.804 
48.575 

Mean,  48.689,  ±  .077 

One  experiment  was  also  made  upon  the  oxalate : 

,3530  grm.  oxalate  gave  .I913  CeO,  and  .0506  H,0. 

Hence,  in  the  dry  salt,  we  have  63.261  per  cent,  of  CeOj. 


iA 


1.  Checn.  Pharni.,  105,  45, 


.yGoogle 


224  THE    ATOMIC    WEIGHTS. 

In  each  sample  of  CeOj  the  excess  of  oxygen  over  true 
Ce,Oj  was  estimated  by  an  iodometric  titration;  but  the 
data  thus  obtained  need  not  be  further  considered. 

In  two  papers  by  Rammelsberg  *  data  are  given  for  the 
atomic  weight  of  cerium,  as  follows.  In  the  earlier  paper 
cerium  sulphate  is  analyzed,  the  cerium  being  thrown  down 
by  caustic  potash,  and  the  acid  precipitated  from  the  filtrate 
as  barium  sulphate: 

.413  gtm.  Cej(SO,)j  gave  .244  grm.  CeO,  and  ,513  grm  BaSO,. 

Hence  100  BaSO,  =  47.563  CeO,,  a  value  which  may  be 
combined  with  others,  thus;  this  figure  being  assigned  a* 
weight  equal  to  one  experiment  in  Bunsen's  series : 

Beringer 49.S19,  ±  .042 

Bansen  and  Jegel 48.689,  ±  .077 

Rammelsbei^„_i „  47.563.  ±  .108 

General  mean 49.360,  ±  .035 

It  should  be  noted  here  that  this  mean  is  somewhat  arbi- 
trary, since  Bunsen  and  Rarnmelsberg's  cerium  salts  were 
undoubtedly,  freer  from  didymium  than  the  material  studied 
by  Beringer. 

In  his  later  paper  Rammelaberg  gives  these  figures  con- 
cerning cerium  oxalate.  100  parts  gave  10.43  of  carbon 
and  21.73  of  water.  Hence  the  dry  salt  should  yield  48.862 
per  cent,  of  CO,,  whence  Ce  =  137.83. 

In  all  of  the  foregoing  experiments  the  ceroso-ceric  oxide 
was  somewhat  colored,  the  tint  ranging  from  one  shade  to 
another  of  light  brown  according  to  the  amount  of  didym- 
ium present.  Still,  at  the  best,  a  faint  color  remained,  wliich 
was  supposed  to  be  characteristic  of  the  oxide  itself  In 
1868,  however,  some  experiments  of  Dr.  C.  Wolff  were  post- 
humously made  public,  which  went  to  show  that  pure  ceroso- 
ceric  oxide  is  white,  and  that  all  samples  previously  studied 
were  contaminated  with  some  other  earth,  not  necessarily 
didymium  but  possibly  a  new  substance,  the  removal  of 

*  Pi^gend.  Annal, ,  55,  65  ;    loS,  44. 

+  Amer.  Joxirn.  Science  and  Arts,  (2,)  46,  53. 
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which   tended  to   lower   the    apparent    atomic    weight   of 
cerium  very  perceptibly. 

Cerium  sulphate  was  recrystallized  at  least  ten  times. 
Even  after  twenty  reerystallizations  it  still  showed  spectro- 
scopic traces  of  didymium.  The  water  contained  in  each 
sample  of  the  salt  was  cautiously  estimated,  and  the  cerium 
was  thrown  down  by  boiling  concentrated  solutions  of  ox- 
alic acid.  The  resulting  oxalate  was  ignited  with  great 
care.  I  deduce  from  the  weighings  the  percentage  of  CeO, 
given  by  the  anhydrous  sulphate ; 


•a/f. 

Water, 

Cf  Oj.          Per  ceai.  CeO^. 

J  " 

.19419  grm. 
,1898      " 
.1820      " 

.76305  grai.          60.559 
.7377       ■■             60-437 
.70665     "              fio.487 

Mean,  60.494,  ±  -024 

After  the  foregoing  experiments  the  sulphate  was  further 
purified  by  solution  in  nitric  acid  and  pouring  into  a  large 
quantity  of  boiling  water.     The  preeipit-ato  was  converted 


into  sulphate  and 

analyzed  as  before : 

Sulfihafe. 

Winter.                  CtO^. 

Ptr  cint.  C 

1.4327  grai. 
1.5056     " 
1.44045   ■' 

-2733  grm.         .69925   grm. 
■2775     "            .7405 
.2710    "            .7052       " 

60.311 
60,296 
60.300 

From  another  purification  the  following  weights  were  ob- 
tained : 

1.4684  gtm.         .1880  gnn.         .7717  grm.         60,270  per  cent. 
A  last  purification  gave  a  still  lower  percentage : 

1.3756  grm.  .1832  grm.  .7186  grm.  60.265  per  cent. 

The  last  oxide  was  perfectly  white,  and  was  spectroscopi- 
cally  free  from  didymium.  In  each  ease  the  CeOj  was  ti- 
trated iodometrically  for  its  excess  of  oxygen.  It  will  be 
noticed  that  in  the  successive  series  of  determinations  the 
percentage  of  CeOj  steadily  and  strikingly  diminishes,  to 
an  extent  for  which  no  ordinary  impurity  of  didymium  can 
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account.  The  death  of  Dr.  Wolf  interrupted  the  investiga- 
tion, the  results  of  which  were  edited  and  published  by  Pro- 
fessor F.  A.  Genth. 

The  experiments  of  Wolf  seem  to  have  hitherto  escaped 
general  notice,  except  from  Wing,  who  has  partially  verified 
them.*  This  chemist,  incidentally  to  other  researches,  puri- 
fied some  cerium  sulphate  after  the  method  of  Wolf,  and 
made  two  similar  analyses  of  it,  as  follows : 

Salphak.  Water.  CeO^.  Per  cent.  CeO,. 

1.28S5  grin.  ,1707  grm.  .6732  grm.  60.225 

1.4090     ■'  .1857     "  .7372     "  60.263 

Mean,  60.244,  ±  'O'^ 

Tbe  ecroso-cerie  oxide  in  this  case  was  perfectly  white. 
The  cerium  oxalate  which  yielded  it  was  precipitated  boil- 
ing by  a  boiling  concentrated  solution  of  oxalic  acid.  The 
])recipitate  stood  twenty-four  hours  before  filtering. 

We  may  now  combine  the  results  of  Woif  and  of  Wing, 
as  follows.  The  two  concordant  experiments  of  Wolf's 
series  three  and  four  may  be  united,  giving  a  mean  of 
60.267,  ±  .001 : 

Wolf,  1st  series 60.494,  J; 

"       2d      "     60.302,  ± 

"        3d  and  4th  series 60.267,  ± 

Wing 60.344,  ± 


General  mean 60.271,  4z 

This  mean,  the  percentage  of  CeOj  in  the  anhydrous  sul- 
phate, gives  Ce  =  137.724 ;  or,  if  0  =  16,  Ce  =  138.039. 
This  varies  widely  from  the  ordinarily  accepted  value  as 
determined  by  Buehrig. 

In  1875  Buehrig'sf  paper  upon  the  atomic  weight  of 
cerium  was  issued.  He  first  studied  the  sulphate,  which, 
after  eight  crystallizations,  still  retained  traces  of  free  sul- 
phuric acid.  He  found  furthermore  that  the  salt  obstinately 
retained  traces  of  water,  which  could  not  be  wholly  expelled 
by  heat  without  partial  decomposition  of  the  material. 

*  Amer.  Journ.  Sci.  and  Arts,  (3,)  49,  358.     1870. 
t  Journ.  fur  Pr.ikf.  Chcm..  120,  222. 
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These  sources  of  error  probably  affect  alt  the  previously- 
cited  series  of  experiments ;  although,  in  the  case  of  Wolf's 
work,  it  is  doubtful  whether  they  could  have  influenced  the 
atomic  weight  of  cerium  by  more  than  one  or  two  tenths  of 
a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  precipitation  of  cerium  sulphate  with  barium 
chloride  the  barium  sulphate  invariably  carried  down  traces 
of  cerium.  Furthermore,  the  ceroso-coric  oxide  from  the 
filtrate  always  contained  barium.  For  these  reasons  the 
sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  Buehrig  were  made  with  air-dried  oxalate.  This 
salt  was  placed  in  a  series  of  platinum  boats  in  a  combus- 
tion tube  behind  copper  oxide.  It  was  then  burned  in  a 
stream  of  pure,  dry  oxygen,  and  the  carbonic  acid  and 
water  were  collected  after  the  usual  method.  Ten  experi- 
ments were  made ;  in  all  of  them  the  above  named  products 
were  estimated,  and  in  five  analyses  the  resulting  ccroso- 
ceric  oxide  was  also  weighed.  By  deducting  the  water 
found  from  the  weight  of  the  air-dried  oxalate,  the  weight 
of  the  anhydrous  oxalate  is  obtained,  and  the  percentages 
of  its  constituents  are  easily  determined.  In  weighing,  the 
articles  weighed  were  always  counterpoised  with  similar 
materials.    The  following  weights  were  found : 


8541  grm- 

5368 
.2956 
.0495 
.8249 

3679 

7646 

9376 
53^4 


2.1987  grm. 

20735 
2.3364 
2.4145 
3.0907 
2.1769 
2.2073 


CO,. 
3,6942  grm. 
3-5752  " 
34845  " 
3.7704  " 
4.0586  ■' 
3.51.8  •■ 
3.6616  " 
37139  " 
3.7251  " 
3-5735  " 


These  figures  give  us  the  following  percentages  for  CO3 
and  CeOj  in  the  anhydrous  oxalate : 

CO,.  CeOj. 

48.256  

48.249  

48.248  
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48.257 

48.257 



48.258 

63-417 

48.257 

63.436 

4S.262 

63.446 

48.249 

63-429 

48.253 

63430 

Mean,  48.2546, 

±.00, 

63.43r< 

From  percentagi 

:  CO,  .. 

Ce  ^ 

141.228,  d 

CeU,. 

"  = 

141.141,4 

Obviously  the  single  oxalate  experiments  of  Jegel  and  of 
Rammelsberg  would  exert  no  appreciable  influence  upon 
these  mean  results.     They  may  therefore  be  ignored. 

In  combining  all  of  these  data  in  one  general  mean,  we 
may  begin  as  usual  by  tabulating  our  ratios  : 

(I.)  BaSO,  :  €65(50.),  : :  loo:  I33.019,  i  .II3 

(2.)  BaSO,  :  CeO,  r :  100  :  49.360,  ±  .035 

(3.)  BaClj  :  Ce,(SO,)j  : :  100  :  91.625,  ±  .oi6 

(4.)  AgCl  :  CeO,  : ;  100  :  40-469,  ±  .0415 

(S-)  Percenlage  CeO,  from  anhydrous  sulphate,  60.271,  ±  .ooi 

(6.)  "  "  "  oxalate,  63.4316,  ±  .0032 

(7.)  "  COj  ■'  "       48.2546,  dz  -OOI 

These  ratios  give  us  four  values  for  the  molecular  weight 
of  CeOj  and  two  values  for  062(804)^: 

From  (2) CeO,  =  173.218,  ±  .124 

"      (4)-- "     =  173.663,  ±  .179 

"      (5) '■     ^  169.65!.  i  .034 

"      (6) '■      =  173.068,  zh  .033 

General  mean "     ^  171.490,  ±  .023 

From  (i) Cej(SO,),  =  567.234.  ±  -522 

"      (3)- — "        =570-375.  ±  -'65 

General  mean_  "  =  570°93.  =  -'56 

Hence  we  have  three  independent  values  for  the  atomic 
weight  of  cerium,  as  follows : 
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From  molecular  weight  of  CeOj „Ce  =  139.563,  ±  .024 

Ce,{S0.)3 "   ==  141.281,  ±  .0S3 

From  ratio  (7.)  CO,  m  oxalate "   —  141.228,  ±  .025 

General  mean —  "    =  14O.424,  ±  .017 

Or,  if  0  ^  16,  Ce  =  140.747. 

Buehrig's  results  alone,  both  sets  combined,  give  Ce  = 
141.198,  ±  .020 ;  or,  if  0  =  16,  Ce  =  141.523. 

Wolf  and  Wing's  figures  alone  make  Ce  =  137.724 ;  or,  if 
O  =  16,  Ce  =  138.039. 

The  latter  result  is  subject  to  the  errors  pointed  out  by 
Buehrig  as  involved  in  the  use  of  cerium  sulphate;  but  the 
ceroso-ceric  oxide  obtained  in  the  analyses  was  pure  white. 
Buehrig's  ceroso-ceric  oxide,  on  the  other  hand,  was  yellow. 
In  neither  case  was  didymium  present.  All  things  consid- 
ered, therefore,  it  is  probable  that  the  lower  result  is  too  low 
and  the  higher  result  too  high.  How  near  the  general 
mean  of  all  may  be  to  the  truth  we  have  no  evidence  to 
show.  It  is  clear  that  new  determinations  are  needed,  made 
with  material  yielding  wMte  ceroso-ceric  oxide,  and  with 
avoidance  of  the  sources  of  error  which  Buehrig  pointed 
out. 


LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander,  and  the 
valueless  experiments  of  Choubine,  we  may  consider  the 
estimates  of  the  atomic  weight  of  lanthanum  which  are  due 
to  Hermann,  Hammelsberg,  Marignac,  Czudnowiez,  Holz- 
mann,  Zschiesche,  Erk,  and  Cleve. 

From  Rammelsberg*  we  have  but  one  analysis.  .700 
grm.  of  lanthanum  sulphate  gave  .883  grm.  of  barium  sul- 
phate. Hence  100  parts  of  BaSO^  are  equivalent  to  79.276 
of  La,(S0j3. 

*Po{^end.  Annal.,  55,  65. 
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Marignae,*  working  also  with  the  sulphate  of  lanthanum, 
employed  two  methods.  First,  the  salt  in  solution  was 
mixed  with  a  sUght  excess  of  barium  chloride.  The  result- 
ing barium  sulphate  was  filtered  off  and  weighed ;  but,  as  it 
contained  some  occluded  lanthanum  compounds,  its  weight 
was  too  high.  In  the  filtrate  the  excess  of  barium  was  esti- 
mated, also  as  sulphate.  This  last  weight  of  sulphate,  de- 
ducted from  the  total  sulphate  which  the  whole  amount  of 
barium  chloride  couid  form,  gave  the  sulphate  actually  pro- 
portional to  the  lanthanum  compound.  The  following 
weights  are  given : 


U,{SO,),. 

BaClj. 

,il  BaSO,. 

^rf  B^SO,. 

J. 346  grm. 

4.758  grm. 

5.364  grm. 

,ns  grm. 

t-733    ■• 

5.178     " 

5.84S     " 

.'47     " 

Hence  we  have  the  following  quantities  of  Laj{S04)3  pro- 
portional t«  100  parts  of  BaSOj.  Column  A  is  deduced 
from  the  first  BaSO,  and  column  B  from  the  second,  after 
the  manner  above  described : 


,a  =  13B.776 
'   =  147-474 


A  agrees  best  with  other  determinations,  although,  theo- 
retically, it  is  not  so  good  as  B. 

Marignac's  second  method,  described  in  the  same  paper 
with  the  foregoing  experiments,  consisted  in  mixing  solu- 
tions of  Laj(SO^)j  with  solutions  of  BaClj,  titrating  one 
with  the  other  until  equilibrium  was  established.  The 
method  has  already  been  described  under  cerium.  The 
weighings  give  maxima  and  minima  for  BaCl^.  In  another 
column  I  give  La3(S04)3  proportional  to  100  parts  of  BaClj, 
mean  weights  being  taken  for  the  latter  : 

*  Archives  des  Sci   Phys.  et  Naturelles,  (i,)  ii,  29.      1849. 
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2.765  —  12.825  g'™' 


L,  91.322,  ±  .048 


Hence  La  =  U0.484. 


Although  not  next  in  chronological  order,  some  still  more 
recent  work  of  Marignac's*  may  properly  be  considered 
here.  The  salt  studied  was  the  sulphate  of  lanthanum,  puri- 
fied by  repeated  crysta,llizations.  In  two  experiments  the 
salt  was  calcined,  and  the  residual  oxide  weighed ;  in  two 
others  the  lanthanum  was  precipitated  as  oxalate,  and  eon- 
verted  into  oxide  by  ignition.  The  following  percentages 
are  given  for  LajOj : 

S7'So  1  g„  calcination. 

57.58/ 

57-50  \  Put.  as  oxalate. 

57-55  ' 

Mean,  57'547S'  ^  ■°"5 

The  atomic  weight  determinations  of  Holzraannf  were 
made  by  analyses  of  the  sulphate  and  iodate  of  lanthanum, 
and  the  double  nitrate  of  magnesium  and  lanthanum.  In 
the  sulphate  experiments  the  lanthanum  was  first  thrown 
down  as  oxalate,  which,  on  ignition,  yielded  oxide.  The 
sulphuric  acid  was  precipitated  as  BaSOj  in  the  filtrate. 


.9663  gnn. 


■S"57  gmi- 
•3323  " 
,4626  " 


BaSO.. 


*  Ann.  de  Chilli,  et  de  Phys.,  (4.)  30,  ( 
t  Joum.  fur  Trakt.  Chem,,  75,  321.      I 
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These  results  are  best  used  by  taking  the  ratio  between 
the  BaSOi,  put  at  100,  and  the  ha^O^.  The  figures  are 
then  as  follows : 

46.4S9 

46.652 

46.873 

Mean,  46.671,  ±  ,075 

In  the  analyses  of  the  iodate  the  lanthanum  was  thrown 
down  as  oxalate,  as  before.  The  iodic  acid  was  also  esti- 
mated volumetrieally,  but  the  figures  are  hardly  available 
for  present  discussion.  The  following  percentages  of  La,0, 
were  found : 

23-454 

23.419 

23.46S 

Mean,  23.447,  ±  -0216 

The  formula  of  this  salt  is  La.^{10s)g.Zli^0. 

The  double  nitrate,  La2(N03)„,3Mg(N03),.24HjO,  gave 
the  following  analytical  data: 


.1561)  grm. 


.0417  grm. 
.0467  '■ 
.0441  " 
.0297  " 


-OS  13 
.0693 


These  weighings  give  the  subjoined  percentages  of  La^O, : 


Mean,  21,3056,  ±  .058 

These  data  of  Holzmann  give  values  for  the  molecular 
weight  of  La^Og  as  follows : 

From  sulphate .-.La^Oj  =  325.674,  ±  .522 

"      iodate "       ==:  323.4,9.  ±  .,13 

"     magnesian  niirate__     "      =  324.355.  ±;  .933 


=iGoogle 


LANTHANUM.  ^oo 

Czudnowicz*  based  his  determination  of  the  atomic 
■weight  of  lanthanum  upon  one  analysis  of  the  air-dried 
sulphate.     The  salt  contained  22.741  per  cent,  of  water. 

.598  grm.  gave  .272  grm.  LajOj  and  .586  grm.  BaSO,. 

The  LajOj  was  found  by  precipitation  as  oxalate  and  ig- 
nition. The  BaSO,  was  thrown  down  from  the  filtrate. 
Reduced  to  the  standards  already  adopted  these  data  give 
for  the  percentage  of  LajOg  in  the  anhydrous  sulphate  the 
figure  08.668.  79.117  parts  of  the  salt  are  proportional  to 
100  parts  of  EaSO,. 

Hermann  t  studied  both  the  sulphate  and  the  carbonate 
of  lanthanum.  From  the  anhydrous  sulphate,  by  precipi- 
tation as  oxalate  and  ignition,  the  following  percentages  of 
LajOg  were  obtained: 

57.690 

57-663 

57.610 

Mean,   57-()S4.  ±    o'^ 

The  carbonate,  dried  at  100°,  gave  tho  following  percent- 
ages; 

68,47  La^Oj, 
27.67  CO,. 
3.86  H,0. 

Reckoning  from  the  ratio  between  CO,  and  La^Oa  tho 
molecular  weight  of  the  latter  becomes  325.896. 

Zschiesche'sl  experiments  consist  of  six  analyses  of  lan- 
thanum sulphate,  which  salt  was  dehydrated  at  230°,  and 
afterwards  calcined,  I  subjoin  his  percentages,  and  in  a 
fourth  column  deduce  from  them  the  percentage  of  LajOj 
in  the  anhydrous  salt : 

ff^O.  SOy  La^O^.  Z-OjO^  in  anhydrous  sail. 

22.629  33.47°  43.909  56-745 

22.562  33'3o6  44.'32  56.964 

22.73°  33.200  44-070  57-034 

*Joum.  far  Prakl.  Chem.,  8o,  33.  1S60. 
t  Journ,  fiir  Prakt.  Chem.,  82,  396.  1861. 
IJourn,  fiir  Pral<t.  Chem.,  104.  174. 
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33-333 

44.090 

33160 

44.240 

33051 

44.3'o 

Mean,  57,021,  -±,  .051 

Erk  *  found  that  .474  grm.  of  La5(S04)3,  by  precipitation 
as  oxalate  and  ignition,  gave  .2705  grm.  of  La^Oj,  or  57.068 
per  cent.  .7045  grm.  of  tlie  sulphate  also  gave  .8815  grm. 
of  BaSO(.  Hence  100  parts  of  BaSO^  are  equivalent  to 
79.921  of  La;(SOJ,. 

Last  of  all,  and  probably  best  of  all,  we  come  to  the  de- 
terminations of  Cleve.f  Strongly  calcined  La^Oa,  spectro- 
scopically  pure,  was  dissolved  in  nitric  acid,  and  then,  by 
evaporation  with  sulphuric  acid,  converted  into  sulphate : 

9215  grm.  LojO,  gave  3.3365  grm.  sulphate.  57.590  per  cent. 

0570  "  3.5705  ■'  57.611       ■■ 

6980  "  2.9445  "  57.667       " 

.0S40  "  3-6"7o  '■  S7.617       " 

,9565  "  i-Z'^fM  "  57,612      '■ 

Mean,  57.619,  ±  .0085 

From  the  last  column,  which  indicates  the  percentage  of 
La^O,  in  La(S0,)3,  we  get,  if  SO3  =  80,  La  =  139.15. 

We  may  now  combine  the  similar  means  into  general 
means,  and  deduce  a  value  for  the  atomic  weight  of  lantha- 
num. For  the  percentage  of  oxide  in  sulphate  we  have  six 
estimates,  as  follows.  The  single  experiments  of  Czudnowicz 
and  of  Erk  are  assigned  the  probable  error  and  weight  of  a 
single  experiment  in  Hermann's  series : 

Czudnowicz 58.668, 

Erk 57.068,    ±  .( 

Hermann 57.654j    ±  .' 

Zsdiiesche 57.021,    ± 

Marignac 57.5475-  ± 

aeve 57-619.    ± 


*  Jenaisches'  Zeitschrift,  6,  306.     1871. 
t  K.  Svenska  Vet.  Akad.  Handlingar,  B 
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For  the  quantity  of  La^CSOJj  proportional  to  100  parts 
of  BaSOj,  we  have  five  experiments,  which  may  be  given 
equal  weight  and  averaged  together ; 


Erk,- - —  79.92' 

Mean,  80.054,  ±  -270 

In  all,  there  are  seven  ratios  from  which  to  calculate : 

(I.)  Percentage  of  La,Oj  in  La,(S0,)3.  57.620,  ±  .0059 

(2.)   Bad,  ;  IJij(SO,)3  : ;  100  :  91.322,  ±  ,048— Marignac. 

(3.)  BaSO.  :  La5(SO,]3  : :  100  :  80.054,  ±  -270 

(4.)   BaSO,  :  La,0,  : :  100  ;  46.671,  ±  .075— Holzmann. 

(5.)   Percentage  o!  LajO,  in  iodate,  23.447.  ±  ,0216— Holzmann. 

((,\  "  "  magnesian  nitrate,  21.3056,  J;  .058 — Holzmann. 

i:j\  '■  "  carbonate,  68.47 — Hermann. 

These  ratios  give  five  values  for  the  molecular  weight  of 
lanthanum  oxide,  and  two  for  that  of  the  sulphate : 

From  (2) La,{S0,)5  =  568.4S8,  ±    .320 

"      (3) "         ^  558.624,  ±  '-888 


General  mean,        "         =  568.212,  ±    ,316 

Hence  La  =  140.346,  ±  .160. 

From   (i) LajOj  =  325-79'.  ±  -074 

■'       (4) —     "      =  325.674,  ±  -522 

■'       (5)- —     "      =32M'9.  ±.113 

"       (6).._ "      —  324.355.  ±  -923 

■'       (7) "      =  325.896.  ±  .48S 

General  mean '■      —  324.810,  ±  .061 

Here  the  value  derived  from  ratio  (7)  is  given  the  weight 
of  a  single  experiment  in  ratio  (1.)     Hence  La  =  138.460, 
±  .031. 
Combining  the  two  values  for  La,  we  get  this  final  result : 

From  La^Oj La  ^  138.460,  ±  .031 

•'      Laj(SO,)j ■'   —  140.346.  ±  .160 

General  mean "   =  138.526,  ±  .030 

Or,  if  0  ^  16,  La  -  138.844. 
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Since  this  value  is  a  little  under  and  Cteve's  a  little  over 
139,  the  latter  figure  may  iairly  be  used  in  all  calculations 
involving  a  knowledge  of  the  atomic  weight  of  lanthanum. 


DIDYMIUM. 

The  atomic  weight  of  didymium  has  been  determined  by 
Marignac,  Hermann,  Zschiesche,  Erk,  and  Cleve.  Mosan- 
der's  early  experiments  we  may  leave  out  of  account. 

Marignac  *  mixed  a  solution  of  the  sulphate  with  a  slight 
excess  of  barium  chloride,  filtered,  weighed  the  precipitate, 
and  estimated  the  excess  of  barium  in  the  filtrate  by  the 
ordinary  method.  The  first  precipitate  always  contained 
didymium,  and  therefore  weighed  too  much.  By  deducting 
the  weight  of  the  second  precipitate,  representing  the  excess 
of  the  barium  chloride,  from  the  weight  of  barium  sulphate 
theoretically  formable,  the  weight  of  the  latter  proportional 
to  the  quantity  of  didymium  salt  taken  was  found : 

^'\(-^0,),.  BaCl^.  isl  BaSO^.  sd  BaSO^. 

3.633  gnn,  3.902  gnn.  4.412  gnn.  .0S4  grm. 


These  figures  give  us  a  ratio  between  the  sulphates  of 
didymium  and  barium  which  we  may  express  as  follows. 
Column  A  gives  the  Dij(S0j3  proportional  to  100  parts  of 
BaSO,,  as  calculated  from  the  first  precipitate  of  the  latter. 
Column  B  gives  a  similar  ratio  calculated  with  the  second 
BaSO^  precipitate,  this  being  deduced  from  the  total  BaSO, 
which  the  chloride  used  could  form : 


82-539 
82.692 
82.45' 
82.247— Erlt. 

Mean.  82.455.  ±  -052 

Mea 

83.626 

«5-54S 
84-425 

.n,  84.320.  zh  -414 

''  Arch-  lies  Sci,  Phys.  ( 

■X  Naturelles 

.  ('.: 

)  11,29.      '*i49. 
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To  A  I  have  added  a  single  result  of  Erk's,  to  be  described 
forfcher  along.  It  will  be  seen  that  although  A  is  theoreti- 
cally defective,  its  figures  are  much  more  concordant  than 
those  in  B.  In  fact,  the  latter  would  almost  vanish  for  the 
final  general  mean  for  the  atomic  weight  of  didymium : 


In  a  later  paper  *  Marignac  adopts  two  other  methods  for 
establishing  the  atomic  weight  of  didymium.  The  carefully 
dehydrated  sulphate  was  taken,  the  didymium  was  precipi- 
tated as  oxalate,  and  the  latter,  ignited,  yielded  oxide.  The 
following  percentages  of  oxide  M'ere  found  : 


58-31 
58.29 


The  chloride  of  didymium  was  also  studied.  As  the  anhy- 
drous salt  could  not  be  obtained  in  an  absolutely  definite 
state,  Marignac  prepared  neutral  solutions  of  it  and  deter- 
mined the  ratio  between  didymium  oxide  and  silver  chlo- 
ride. The  latter  compound  was  first  precipitated  in  the 
usual  way,  and  filtered  off;  the  excess  of  silver  in  the  filtrate 
was  removed  by  hydrochloric  acid,  and  after  that  the  didy- 
mium was  thrown  down  as  oxalate  and  weighed  as  oxide. 
The  subjoined  weights  of  AgCl  and  DijOg  were  found.  In 
a  third  column  I  give  the  ratio  between  the  two  compounds, 
putting  AgCl  at  100 : 

AgCl.  ni,0^.  Ratio. 

10,058  grm.  3.946  grm.  39-232 

5.029     "  1.960     "  38-974 

5,844     ■'  2-276     "  38-946 


Hence  Di  =  143.637,  ±  .263. 


I,  39-05'.  ±  -oSi 
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Hermann's  *  determination  of  tlie  atomic  weight  of  didy- 
mium  rests  on  a  single  experiment  with  the  sulphate.  By 
precipitation  as  oxalate  and  subsequent  ignition,  he  found 
that  this  salt  yielded  58.14  per  cent,  of  DijOa. 

Zschieschef  also  analyzed  didymium  sulphate,  which  he 
dehydrated  at  230°,  and  afterwards  converted  into  oxide  by 
calcination.  I  give  his  percentages,  and  also,  in  a  fourth 
column,  the  percentage  of  oxide  from  the  anhydrous  sul- 
phate as  deduced  from  his  fi 


H^O. 

SO,. 

Di,0,. 

Di^O 

in  unhyd.  sail 

23-19 

3^-91 

4383 

57.070 

23.03 

32-39 

44.58 

57-919 

23.00 

32-56 

44-95 

S8.006 

23.547 

3 '-938 

44-515 

58.225 

22.550 

32.8;o 

44.570 

57.554 

The  salt  used  in  the  first  experiment  probably  contained 
lanthanum.  Rejecting  this,  the  mean  of  the  figures  remain- 
ing in  the  fourth  column  is  57.920,  di  .094.  Hence  Di  = 
141.007. 

Erk,t  to  whom  reference  has  already  been  made,  estimated 
didymium  in  the  sulphate  by  precipitation  as  oxalate  and 
calcination  to  oxide : 

ZJis(50,),  ;>;*iOj.  Per  cent.  Difi^. 

.556  grm.  .323  grm.  5S.094 

.674     "  .3915  "  58.087 

Hermann's  single  result  for  this  percentage,  58.14,  agrees 
more  nearly  with  Erk's  series  than  with  any  other.  It  may 
therefore  be  averaged  in  with  Erk's  two  experiments,  giving 
a  mean  of  58.107,  ±  .0112.  Erk  also  obtained  fi-om  .7065 
grm.  of  sulphate  .859  grm.  BaSO^.  This  experiment  has 
already  been  averaged  with  Marignac's  earlier  results. 

The  latest  determinations  of  the  atomic  weight  of  didy- 
mium were  published  by  Cleve  ||  in  1874.    Strongly  calcined 

*  Joum.  fUr  Prakt.  Chem.,  82.  367.     1861. 

f  Journ.  fiir  Prakt.  Chem.,  I07,  74. 

X  Jenaisches'  Zeitschrift,  6,  306.     1871. 

II  K.  Svenska  Vet.  Akail.  Handlingar,  Bd.  2,  No.  8.  These  figures  were  kiniily 
transcribed  for  me  by  Professor  Delafontaine  of  Chicago,  as  I  had  not  access  to 
a  copy  of  the  original  memoir. 
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didymium  oxide  was  dissolved  in  nitric  acid,  the  solution 
was  evaporated  with  sulphuric  acid,  and  the  weight  of  the 
resulting  sulphate  was  ascertained.  I  subjoin  the  weighings 
and  the  percentage  of  Di^O.,  in  Dij(S0j>3 : 


Di^O, 

m^iso,),. 

Per  cenl.  Di^O^ 

257  grm.                          3.844  grm. 

5S.715 

086 

1.8485  " 

58-750 

1525 

1.9615  " 

58.756 

?.b?.', 

2.319    ■' 

58-797 

96SS 

3.343s  '■ 

58.786 

s*s 

2.599    " 

58-792 

Mean,  58.766,  ±  .0087 

Hence  Di  =  146,804.    If  SOj  ^  80,  Di  =  147.021. 

This  determination  is  undoubtedly  the  best  of  all,  and 
might  properly  be  accepted  to  the  exclusion  of  the  others. 
Still,  it  is  worth  while  to  combine  all  the  figures  into  one 
general  mean.  For  the  percentage  of  DijOg  in  Di,{S0j3 
we  have  the  following  data : 


Marignac _„ 

58.270,^.0115 

Zschiesche — 

aeve 

57-926,  ±  .094 

58.766,  ±  -00S7 

GenerEil  ir 


8.451,  ±  -0059 


For  the  atomic  weight  of  didymium  we  have  now  three 
independent  values : 

From  per  cent.  01,0,  in  Dij(S0,)3 Di  =  144-604,  ±  .031 

"       Marignac's  chloride  analyses "    =z  143.637,  i  .263 

"      Marignac's  and  Erk's  BaSO, ratio..  ■'   =  143.929,  i  -'89 


Gene 


=  144-573,  ±  -03°6 


.yGoogle 


THE    ATOMIC    WEIGHTS. 


THE  YTTRIUM  GROUP. 

The  atomic  weights  of  the  metals  in  this  group  can  only 
be  said  to  have  been  determined  approximately.  Not  only- 
do  great  difficulties  attend  the  purification  of  the  material 
used  for  study  and  the  separation  of  the  earths  from  each 
other,  but  there  have  been  and  still  are  grave  doubts  as  to 
the  actual  nature  of  some  of  the  latter.  The  figures  for 
scandium,  yttrium,  and  ytterbium  seem  to  be  tolerably 
good ;  those  for  decipium,  philippium,  thulium,  erbium,  and 
terbium  are  little  more  than  estimates;  for  samarium  we 
have  no  data  whatever.  All  the  atomic  weights  in  this 
group  are  based  upon  analyses  or  syntheses  of  sulphates ; 
and  from  analogy  to  the  cerium  metals  all  of  these  elements 
are  regarded  as  forming  S' 


Cleve,*  who  was  the  first  to  make  accurate  experiments 
on  the  atomic  weight  of  this  metal,  obtained  the  following 
data.  1.451  grm.  of  sulphate,  ignited,  gave  .5293  grm.  of 
SCjOj.  .4479  grm.  of  Se^Oa,  converted  into  sulphate, 
yielded  1.2255  gi-m.  of  the  latter,  which,  upon  ignition, 
gave  .4479  grm.  of  ScjOj.  Hence,  for  the  percentage  of 
Sc^Oj  inSe,(SO,)g  we  have: 

36.478 
3^.556 
36.556 

Mean,  36.530 
Hence,  if  SOj  =  80,  Sc  =  45.044. 

Later  and  better  results  are  those  of  Nilson,t  who  con- 
verted scandium  oxide  into  the  sulphate.  I  give  in  a  third 
column  the  percentage  of  oxide  in  sulphate : 

*  Conipt.  Rend.,  89,  419, 
t  Compl.  Rend.,  cii,  118. 
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-3379  e™-  Sc,0,  gave  .9343  gnn.  S<:,(SO.),. 

36- 166  per. 

.3015      "      .8330 

36.194   " 

.2998      "      .8257 

36.187   " 

.3192      '■      .8823 

36.178   " 

Mean,  36.181,  ±  .004 

Hence  Sc  =  43.980,  ±  .015 ;  or,  if  O  =  10,  then  Sc  = 
44.081.  If  SO3  =  80,  then  Sc  =  44.032.  These  values  are 
doubtless  very  nearly  correct. 


For  yttrium  we  need  consider  only  the  determinations 
of  Popp,  Delafontaine,  Bahr  and  Bunsen,  and  Cleve. 

Popp  *  evidently  worked  with  material  not  wholly  free 
from  earths  of  higher  molecular  weight  than  yttria.  The 
yttrium  sulphate  was  dehydrated  at  200°;  the  sulphuric 
acid  was  then  estimated  as  barium  sulphate;  and  after  the 
excess  of  barium  in  the  filtrate  had  been  removed,  the 
yttrium  was  thrown  down  as  oxalate,  and  ignited  to  yield 
oxide.    The  following  are  the  weights  given  by  Popp : 


Sulphatt. 

BaSO^. 

YtA. 

H^O. 

.1805  grm. 

1.3145  gnn. 

.4742  grm. 

-255  gnn. 

.4295  " 

■■593   " 

■5745  ■' 

.308  ■' 

•8455  ■' 

.9407  " 

.3392  " 

..S2S  " 

-045   " 

1.163s  " 

■419s  " 

.2258  " 

Eliminating  water,  these  figures  give  us  for  the  percent- 
ages of  Yt^Os  in  YtjCSOJj  the  values  in  column  A.  In 
column  B  I  put  the  quantities  of  YtjOj  proportional  to 
100  parts  of  BaSO, : 

A.  B. 

51-237  36-075 

Si-mS  36.064 

51. 161  36,058 

51.209  36.055 

Mean,  51.20S,  ±  .oil  Mean.  36.063,  ±  .003 

From  B,  Yt  =  101.880.  The  values  in  A  will  be  com- 
bined with  similar  data  from  other  experimenters. 

*Ann.  Chem.  Phanii.,  131,  1^9. 
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In  1865  Delafontaine  *  published  some  results  obtained 
from  yttrium  sulphate,  the  yttrium  being  thrown  down  as 
oxalate  and  weighed  as  oxide.  In  the  fourth  column  I  give 
the  percentages  of  YtjOa  reckoned  from  the  anhydrous  sul- 
phate : 


Sulphati. 

K,0,. 

H^O. 

Pircenl.   Yt^O,. 

■9545  gnu. 
J.485       " 
M53      '■ 

.371  gnn, 
.9585  ■■ 
.827     '■ 

.565     .- 
■4935  " 

50-237 
49.921 
49834 

Mt 

:aTi,  49-998,  ±  .' 

In  another  paper  f  Delafontaine  gives  the  following  per- 
centages of  YtjOj  in  dry  sulphate.  The  mode  of  estima- 
tion was  the  same  as  before : 

48.^3 

4S.37 

Mean,  48.23,   +:  .055 

Bahr  and  Bunsen.t  and  likewise  Cleve,  adopted  the 
method  of  converting  dry  yttrium  oxide  into  anhydrous 
sulphate,  and  noting  the  gain  in  weight.  Bahr  and  Bunsen 
give  us  the  two  following  results.  I  add  the  usual  percent- 
age column  : 

KjOj.  y'■i{SO^),.  Percent.  Yt^O^. 

.7266  grm,  1-4737  ET™-  49-3°4 

.7856    "  1.595S    "  49-235 

Mean,  49-2695,  di  .0233 

Cleve's  II  results  are  published  in  a  joint  memoir  by  Cleve 
and  Hoeglund,  and  are  as  follows : 


*Ann.  Chem.  Pharm,,  134,  108. 

t  Arch,  des  Sci.  Phys.  et  Nat.,  (2,)  25,  1 19. 

lAnn.  Cheni.  Pharm.,  137,21.      1866. 

|!  K,  Svenska  Vel.  Akad.  Handlingar,  lid.  : 
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1,4060  grm, 
1.0930  " 
1 .4540  " 
1.3385  " 
2.3500  " 
2.5780     " 


THE    YTTRIUM    UROUF. 

2.8925  grm. 
2.2515      ■' 


4.8330 
5-3055 


!r,:enl.   yt,0,. 
48. 608 
48.545 
48.637 
48.627 

48.591 

Mean,  48.605, 


This  series  is  unquestionably  the  best  of  all.     From  it,  if 
SO  3  =  80,  Yt  =  89.485, 

Combining  all  these  data  we  have  the  subjoined  general 
mean  for  the  percentage  of  YtjOg : 

Popp 51,208,    ±  .011 

Delafonlaine,  let 49-998.    ±  -oS' 

"  2d 48-230.    ±.055 

Baht  and  Eunsen 49.2695,  ±  .0233 

Cleve 48.605,    ±.0096 


Generalmean 

Rejecling  Popp  _-. 


49.637. 


From  the  general  mean  of  all,  Yt  =  97,616.  From  the 
mean  after  excluding  Popp's  work,  Yt  —  89.816,  ±  .067  ; 
or,  if  0  =  16,  Yt  =  90.023. 


YTTEBBItlM. 


For  ytterbium  we  have  one  very  good  set  of  determina- 
tions by  Nilson.*  The  oxide  was  converted  into  the  sul- 
phate after  the  usual  i 


y*,Oj. 

y^{so^),. 

/>« 

c^ni.  yi^o,. 

1.0063  grm- 

1,6186  grm. 

62.17T 

I 

0139  " 

I.6314  " 

62.149 

8509  " 

..3690  ■' 

62.155 

7371  " 

1.1861  " 

62.145 

1 

0005  ■' 

1.6099  " 

62.147 

8090  " 

1.3022  " 

62.126 

' 

0059  '■ 

1,6189  '■ 

62,134 

Mean 

62.147,  ±  -0036 

*Compt.  Rend.,  91 

56 

1 

880, 
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Hence  Yb  =  172.761,  ±  .038.  If  O  =  16,  then  Yb  = 
173.158.  If  SO,  =  80,  Yb  =  173.016.  The  trae  number 
cannot  be  far  from  173. 


Since  the  earth  which  was  formerly  regarded  as  the  oxide 
of  this  metal  is  now  known  to  be  a  mixture  of  two  or  three 
different  oxides,  the  older  determinations  of  its  molecular 
weight  have  little  more  than  historical  interest.  Nevertl  e- 
less  the  work  done  by  several  investigators  may  properly  be 
cited,  since  it  sheds  some  light  upon  certain  important  prob- 
lems. 

First,  Delafontaine's *  early  investigations  may  be  consid- 
ered. A  sulphate,  regarded  as  erbium  sulphate,  gave  the 
following  data.  An  oxalate  was  thrown  down  from  it, 
which,  upon  ignition,  gavo  oxide.  The  percentages  in  the 
fourth  column  refer  to  the  anhydrous  sulphate.  In  the  last 
experiment  water  was  not  estimated,  and  I  assume  for  its 
water  the  mean  percentage  of  the  four  preceding  experi- 
ments: 


£';0,. 

H^O 

Ps 

r  cent.  E 

■353  1,™- 

.'77  gr 

n. 

54.308 

■4475  " 

,226      ' 

54-407 

-3415  ■' 

.171     ' 

54.035 

.523    " 

,364    ' 

54.028 

■495     " 

54.760 

Mean 

54.30s, 

Bahr  and  Bunsen  t  give  a  series  of  results,  representing 
successive  purifications  of  the  earth  which  was  studied. 
The  iinal  result,  obtained  by  the  conversion  of  oxide  into 
sulphate,  was  as  follows : 

.7S70  gnn.  oxide  gave  1.2765  grm.  sulphate.      61.653  F*''  t^^"'-  oxide. 

Hoeglund,|:  following  the  method  of  Bahr  and  Bunsen, 
secured  these  results : 

*Ami.  Chem.  Phami.,  134,  108.  1865. 
t  Ann.  Chem.  Pliarm.,  137,  21.  1866. 
X  K.  Svenslia  Vet.  Akad.  Handlingar,  Bd.  1,  No.  6. 
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Er^Oy 

Er,{SO,\. 

Percent 

8760  grm. 

3.0360  grm. 

61. 

7990    " 

2,9.00     " 

8410    " 

4-5935     " 

61. 

2850    " 

2.0775     " 

61. 

1300    " 
8475     '■ 

1.827 
1.370      " 

61. 
61. 

Mean,  61.8375.  ±    0063 

HumpidgG  and  Eurney  *  give  data  as  follows : 


1.9596  gral.  Erj(S04),  gave  1 


!147  grm.  EijOj.     61.987  per  cent. 
[781  "  61.965       ■' 

Mean,  61.976,  ±  .0074 


Combining  al!  four  series  we  get  the  subjoined  general 
mean  for  the  percentage  of  oxide  in  sulphate,  Bahr  and 
Hansen's  single  experiment  is  given  the  probable  error  of 
one  experiment  in  Hoeglund's  series : 


Delafontaine 54. 

Bahr  and  Bunsen 

Hoeglund 6; 

Humpidge  and  Bumey 6. 

General  mean 6: 

Rejecting  the  first  .. 


.653.  ± 
■8375,  ± 
.97S-    ± 


178 
.0063 
.0074 


From  the  mean  of  all,  Er  =  170.379,  ±  .082;  or,  if  0  = 
16,  Er  =  170.770.  From  Bahr  and  Bunsen's  determination, 
Er  ^  168.683 ;  and  from  Humpidge  and  Bumey's  highest, 
Er  ^  171.428. 

The  foregoing  data  were  all  published  before  the  com- 
posite nature  of  the  supposed  erbia  was  fully  recognized. 
It  will  be  seen,  however,  that  three  sets  of  results  were  fairly 
comparable,  while  Delafontaine  evidently  studied  an  earth 
widely  different  from  that  investigated  by  the  others.  Since 
the  discovery  of  ytterbium,  some  light  has  been  thrown  on 
the  matter.  The  old  erbia  is  a  mixture  of  at  least  three 
earths,  to  one  of  which,  a  rose-colored  body,  the  name  erbia 
is  now  restricted.     For  the  atomic  weight  of  the  true  erbium 

*  Journ.  Chem.  Society,  Feb.,  1879,  p.  116. 
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Cleve*  gives  three  values,  but  without  data  concerning 
weighings  or  methods.  Doubtless  the  oxide  was  converted 
into  sulphate,  and  the  calculations  were  made  with  SO,  = 
80: 


Mean,  166.153 

With  SO3  =  79.874,  this  becomes  165.891,  and  if  only  O 
=  16,  166.273.  These  figures  are  undoubtedly  the  nearest 
yet  reached  to  the  true  value.  According  to  Thalen,t  who 
reasons  from  spectroscopic  evidence,  the  erbium  of  Hoeglund 
was  largely  ytterbium. 

TERBIUM,  SAMARIUM,  PHILIPPIOM,  DECIPIUM,  THULIUM, 
HOLMIUM,  AND    SOREt's    EARTH    X. 

Concerning  these  substances,  real  or  alleged,  the  data  are 
exceedingly  vague.  For  phillippium  Delafontaine  J  gives 
an  atomic  weight  approximating  to  123  or  125,  and  in  the 
same  memoir  decipium  is  put  at  171.  It  seems  probable  that 
philippium  may  be  identical  with  Clove's  holmium  and  the 
metal  of  Soret's  earth  X,  while  decipium  comes  near  Cleve's 
thulium,  for  which  the  discoverer  gives  a  value  of  about 
170.741  If  decipium  and  thulium  arc  identical,  or  if  either 
proves  to  be  erbium  or  ytterbium  contaminated  with  t)ie 
other,  then  we  shall  have  a  triad  of  metals  with  atomic 
weights  ranging  from  Er  =  1G6  to  Yb  =  173,  strikingly 
parallel  with  lanthanum,  cerium,  and  didymium.  If  we 
take  the  natural  arrangement  of  the  elements  as  tabulated 
after  Mendelejeff's  plan,  somewhat  modified  in  Roscoe  and 
Schorlemmer's  "Treatise  on  Chemistry,!  we  find  that  such 
a  triad  should  exist,  and,  furthermore,  that  another  similar 

*Compt.  Rend.,  91,  382. 

•j-Poggend.  Beiblatter,  5,  123,      1881. 

X  Arch,  des  Sci.  Phys.  et  Nat.,  Mats,  1880. 

II  Compt.  Rend.,  9'.  329.     18S0. 

?  Vol.  2,  Part  2,  p.  507. 
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group  ought  to  lie  between  indium  and  tin.  The  latter 
triad  should  have  atomic  weights  ranging  from  114  to  117 ; 
and  here  possibly,  or  else  forming  a  triad  with  yttrium,  the 
other  metals  of  this  group  may  lie. 


COLUMBIUM.* 

The  atomic  weight  of  this  metal  has  been  determined  by 
Rose,  Hermann,  Blomstrand,  and  Marignac.  Eosef  anal- 
yzed a  compound  which  he  supposed  to  be  chloride,  but 
which,  according  to  Rammelsberg,]:  must  have  been  nearly 
pure  oxychloride.  If  it  was  chloride,  then  the  widely  vary- 
ing results  give  approximately  Cb  =  122;  if  it  was  oxy- 
chloride, the  value  becomes  nearly  94.  If  it  was  chloride, 
it  was  doubtless  contaminated  with  tantalum  compounds. 

Hermann's  ||  results  seem  to  have  no  present  value,  and 
as  for  Blomstrand's,§  I  am  not  able  to  get  at  a  copy  of  his 
original  memoir.  The  results  of  the  latter  chemist  are  thus 
summed  up  in  Becker's  "  Digest."  Three  chlorine  estima- 
tions in  the  pontachloride  give,  in  mean,  Cb  ^  96.67. 
Eleven  weighings  of  columbic  acid  from  the  same  com- 
pound make  Cb  =  96.16.  Other  experiments  on  sodium 
columbate  lead  Blomstrand  to  regard  95  as  the  most  prob- 
able value. 

Marignac  t  made  about  twenty  analyses  of  the  potassium 
fluoxycolumbate,  CbOF3.2KF.H,0.  100  parts  of  this  salt 
give  the  following  percentages : 

CbjOs Extremes  44.15  to  44-6o     Mean.  44,36 

K,SO, "         57-^0  "  58-05 

HjO '■  5-75  "    5-98 

F- —        ■'         30-62  "  32-22 

»This  name  has  priority  over  Ihe  more  genenilly  accepted  "niobium,"  and 
therefore  deserves  preference, 
f  Po^end-  Annal.,  104,  439.     1858. 
t  Po^end.  Annal.,  136,  353.      1869. 
II  Joum.  filr  Prakt.  Chem.,  68,  73.      1856. 
j  Acta  Univ.  Lund,  1864. 
i  Archives  des  Sci.  Phys.  et  Nat.,  (z,)  23-  ^SS-     '865- 
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From  the  mean  percentage  of  CbjOs,  Ob  =  93.217.  If 
O  =  16,  this  becomes  93.431. 

From  the  mean  between  the  extremes  given  for  KjSO^, 
Cb  =.  93.812.     If  0  =  16,  this  becomes  94.027. 

As  Deville  and  Troost's*  results  for  the  vapor  density  of 
the  chloride  and  oxyehloride  agree  fairly  well  with  Cb  = 
94,  we  may  adopt  this  value  as  approximately  correct. 


TANTALUM. 


The  results  obtained  for  the  atomic  weight  of  this  metal 
by  Berzelius,t  K.ose,J  and  Hermann  j|  may  be  feirly  left  out 
of  account  as  valueless.  These  chemists  could  not  have 
worked  with  pure  preparations,  and  their  data  are  suffi- 
ciently summed  up  in  Becker's  "  Digest." 

Marignae§  made  four  analyses  of  a  pure  potassium  fiuo- 
tantalate,  and  four  more  experiments  upon  the  ammonium 
salt.  The  potassium  compound,  KjTaF,  was  treated  with 
sulphuric  acid,  and  the  mixture  was  then  evaporated  to  dry- 
ness. The  potassium  sulphate  was  then  dissolved  out  by 
water,  while  the  residue  was  ignited  and  weighed  as  Ta^O^. 
100  parts  of  the  salt  gave  the  following  quantities  of  Ta^O^ 
and  K.SO, : 


Tu^O^. 

K^SO,- 

56.50 

44.37 

56.75 

44.35 

56.55 

44.22 

56-56 

44.24 

Mean,  56.59.  =h  .037 

Mean,  44-295.  ±  -026 

*ComplesRend.,  56,891. 

.863. 

■[■  Poggeiid.  Annal.,  4,  14. 

1825.     Lehrbuch,  3.  1209. 

X  Poggend,  Anna!.,  99,  80. 

.856. 

II  Joum.  fiir  Pralit.  Chcm., 

70,  193.     1857. 

S  AtehWes  des  Set-  Phy5.  e 

t  NaL,  26,  89,  serie  2.     1866. 
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From  these  figures,  100  parts  of  KjSO^  correspond  to  the 
subjoined  quantities  of  TejOj  : 
127-338 

128.178 
127.848 

Mean,  127.831,  ±  .120 

The  ammonium  salt,  {NH,)jTaFT,  ignited  with  sulphuric 
acid,  gave  these  percentages  of  TajOj.  The  figures  are  cor- 
rected for  a  trace  of  KjSO,  which  was  always  present : 

63.08 

63.24 

63.27 

63.42 

Mean,  63,25,  ±  .047 

Hence  we  have  four  values  for  Ta  ; 

From  potassium  salt,  per  cent.  TajOj Ta  =;  183.033,  ±  .343 

KjSOj "   =  1S1.619,  ±  .242 

KiSO.  :  Ta,05 "   —  182.361,  ±:  .411 

"       ammonium  salt,  per  cent.  Ta^Oj "    =  182.149,  ±  .456 

General  mean "    ^  182,144,  ±  .166 

Or,  if  0  ^  16,  Ta  =  182.562. 

If  we  assume  K  ^  39,  0  =  16,  F  =  19,  8  =  32,  and  N= 
14;  the  percentage  of  KjSO,  from  KjTaF,  gives  Ta  = 
181.912;  and  the  analyses  of  the  ammonium  salt  make 
Ta  =  182.020.  Evidently,  182  is  not  far  from  the  true 
value. 


PLATINUM. 

For  this  metal  we  have  to  consider  only  experiments  by 
Berzelius,  by  Andrews,  and  by  Seubert.  In  an  early  paper 
Berzelius  *  reduced  platinous  chloride,  and  found  it  to  con- 
tain 73.3  per  cent,  of  platinum.     Hence,  Pt  =  194.204,  a 

*  fo;;gend.  Annnl.,  S,  177.     1826. 
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value  very  near  that  obtained  most  recently  by  Seubert.  In 
his  later  investigations,  Berzelius  *  studied  the  potassium 
chloroplatinate,  KaPtCl^.  6.981  parts  of  this  salt,  ignited 
in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted 
of  2.822  platinum,  and  2.135  potassium  chloride.  From 
these  data  we  may  calculate  the  atomic  weight  of  platinum 
in  four  ways : 

I5(.   From  loss  of  CI  upon  ignition l>t  ^  197.722 

2d.       "      weight  of  Pt  in  residue "  =z^  196.942 

3ii-       '•  "      KCl        "         __ "=-196.215 

4th.       "      ratio  between  KCl  and  Pt  _ "  =  196.652 

The  last  of  these  values  is  undoubtedly  the  most  reliable, 
since  it  involves  no  errors  due  to  the  possible  presence  of 
moisture  in  the  salt  analyzed.  If  0  ^=  16,  the  value  be- 
comes Pt  =  197.104. 

The  work  done  by  Andrewsf  is  even  less  satisfactory  than 
the  foregoing,  for  the  reason  that  its  full  details  seem  never 
to  havo  been  published.  Andrews  dried  potassium  chloro- 
platinate at  105°,  and  then  decomposed  it  by  means  of  zinc 
and  water.  The  excess  of  zinc  having  been  dissolved  by 
treatment  with  acetic  and  nitric  acids,  the  platinum  was 
collected  upon  a  filter  and  weighed,  while  the  chlorine  in 
the  filtrate  was  estimated  by  Pelouze's  method.  Three 
determinations  gave  as  follows  for  the  atomic  weight  of 
platinum : 

197.86 

197.68 

19S.12 

Mean.  197. S87 

If  we  assume  that  these  values  were  calculated  with  K  = 
39  and  CI  =  35.5,  the  mean,  corrected  by  our  later  figures 
for  these  elements,  becomes  Pt  =  197.382.  If  O  =  IG,  this 
becomes  Pt  =  197.836.  Unfortunately,  Andrews  does  not, 
in  his  brief  note  upon  the  subject,  indicate  the  manner  by 
which  his  calculations  were  made. 

*  Poggend.  Annal.,  13,  468,     1828. 

t  Kntidi  Association  Report,  1852.      Chem.  Gazette,  10,  380. 
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Latest  of  all  we  have  to  consider  the  experiments  of 
Seubert.*  This  chemist  prepared  very  pure  chloroplati- 
nates  of  ammonium  and  potassium,  and  from  their  compo- 
sition deduced  the  atomic  weight  of  the  metal  under  con- 
sideration. The  ammonium  8alt,(NH^),PtCl8  was  analyzed 
by  heating  in  a.  stream  of  hydrogen,  expelling  the  excess  of 
that  gas  by  a  current  of  carbon  dioxide,  and  weighing  the 
residual  metal.  In  three  experiments  the  hydrochloric  acid 
formed  during  such  a  reduction  was  collected  in  an  absorp- 
tion apparatus,  and  estimated  by  precipitation  as  silver 
chloride.  Three  series  of  results  are  given  for  the  percent- 
age of  platinum  in  this  salt,  together  with  another  single  re- 
sult which  may  be  considered  alone.     Here  are  the  figures  ; 


StrUs  I. 

Siriss  II. 

Series  III. 

43-957 

43.871 

45.990 

43-948 

43.876 

43.986 

43.960 

43-S72 

44,001 

43.946 

43.88. 

44.020 

+3-963 

43.875 

43-994 

43-961 

43.879 

43.996 
44.004 

.43-956.  ±  .00 

3      Mean,  43,875,  ±  .00 

I                 44.026 
43.998 

Mean,  44.001.  ±  .003 

These  series  represent  three  preparations.  The  additional 
single  experiment  above  referred  to  waa  made  with  material 
belonging  to  series  II,  but  rccrystallized  from  water.  This 
salt  gave  43.955  per  cent,  of  platinum,  a  figure  to  which  we 
may  assign  the  probable  error  of  one  experiment  in  the 
first  series.  Combining,  we  get  the  subjoined  general  mean 
3  of  Ptin{NHJ,PtCl„: 


Series  I 

43.956,  ±.002 

"      II- — 

—  •.„  43-876,  ±  .ool 

"      III 

44.001,  ±.003 

Extra  experiment 

43.955,  ±-004 

1  mean 

_l_ 

*  Ber.  cler  Deutsch.  Chem.  Gesoll.,  14, ! 
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Hence  Pt  =  194.314,  ±  .078.  If  N  =  14,  and  CI  =  35.6, 
then  Pt  =  194.908.  Calculating  with  Stas'  values  for  N  and 
CI,  Scubert  gets  from  the  four  results  combined  above,  the  fol- 
lowing figures  for  Pt,  respectively :  194.685, 194.039, 195.034, 
194.665. 

For  the  chlorine  estimations  in  the  ammonium  salt  the 
subjoined  weighings  are  given  : 

Sail.  Pt-  AgCl. 

2-7054  Srm.  1,1871  gnn,  5,2226  grm. 

2.2748     "  .9958     "  4.37S8     " 

3082a     "  1.3561     "  5.9496     " 

Hence  100  parts  of  AgCl  correspond  to  the  following 
quantities  of  salt : 

51.802 


Mean,  51.864,  ±  .041 

Hence,  calculating  directly  from  the  ratio  between  6AgCl 
and  (NHJ.PtCl,,  Pt  =  196.871,  ±  .383. 

Senbert  himself  reckons  the  percentage  of  chlorine  from 
the  weight  of  silver  chloride,  and  then  calculates  the  ratio 
between  Clj  and  Pt.  He  thus  finds,  with  Stas'  value  for  CI, 
Pt  =  195.330. 

The  potassium  salt,  K^PtClj,  was  also  analyzed  by  igni- 
tion in  hydrogen,  treatment  with  water,  and  weighing  both 
the  platinum  and  the  potassium  chloride.  These  percent- 
ages were  found : 

PC.  KCt. 

40.119  30.706 

40.120  30-728 
40.076  30.698 
40-070  30.666 
40.107  30.700 
40.120  30.6x7 
40.114  30-7'o 
40-130  30.621 

Mean  40.107,   ±.  .005  Mean,  30.682,   ±  .009 

From  the  firsf  column Pr  =  194,370,  zt  -068 

"         second  "      "  ^  194,645,  ±  .213 


=iGoogle 


PLATINUM.  253 

If  K  =  39,  and  CI  =  35.5,  the  first  column  gives  Pt  — 
194.933.  Seubert,  from  the  percentage  of  platinum,  gets 
Pt  =  194.392 ;  and  from  the  ratio  2KC1 :  Pt  he  finds  Pt  = 
194.494. 

As  with  the  ammonium  salt,  three  experiments  were  made 
upon  the  potassium  compound  to  determine  the  amount  of 
chlorine  lost  upon  reduction  in  hydrogen.  I  cite  the  weigh- 
ings, and  add  in  a  fourth  column  the  quantity  of  KjPtCla 
proportional  to  100  parts  of  AgCl.  This  AgCl  represents 
hui  four  atoms  of  the  chlorine : 

Sa/t.  ■         Ft.                          AgCl.  Rath. 

6.7771  grm.  Z.7158  g™-  7-9725  gnn-  85.006 

3.5834     "  1.4372     "  4.3270     "  84-774 

4.4139     "  1.7713     "  5.2144     ■'  84.648 

Mean,  84.805,  ±  .071 

Hence  Pt  =  195.002,  ±  .415.  If  K  =  39,  Ag  =  108,  and 
CI  =  35.5,  then  Pt  =  194.955.  Seubert,  calculating  the  per- 
centage of  chlorine  and  thence  the  ratio  Clj  :  Pt,  gets  Pt  = 
194.631. 

Combining  all  the  values  we  have  the  following  result 
for  the  atomic  weight  of  platinum  : 

From  per  cent.  Pi  in  (NH.jjPtCl^  . 
"  6AgCl  :  (NH,)jPtCIg  ratio„. 
"     percent.  Pt  in  K.Pia..... 


KC! 


=  194-314 

± 

078 

=  196.87. 

± 

-.l",! 

=  194.370 

± 

.068 

=  194-645 

± 

213 

=  195.002 

± 

.415 

=  194-415 

± 

.049 

4AgCl  :  K,PtCI,  ratio 

General  mean 

Or,  if  O  -^  16,  Pt  ^  194.867. 

Seubert,  taking  the  arithmetical  mean  of  his  eight  values, 
gets  Pt  =  194.620.  He  regards,  however,  those  results  as 
best  which  are  dependent  upon  the  percentage  of  platinum 
in  the  amnaonium  salt,  and  upon  the  complete  analysis  of 
the  potassium  compound.  These  give  him  a  mean  of  Pt  — 
194,461,  which,  if  corrected  by  reduction  to  a  vacuum  stand- 
ard, becomes  Pt  =  194.34. 

In  will  be  noticed  that  three  of  the  ratios,  calculated  with 
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K  =  39,  N  =  14,  Ag  =  108.  and  CI  =  35.5,  give  nearly 
Pt  =  195,  namely : 

194.906 

'94.933 

'94-955 

The  general  mean  of  all,  if  O  =  16,  gives  Pt  =  194.867. 
Hence,  for  all  practical  calculations,  the  value  195  may  be 
safely  employed. 


OSMIUM. 

The  atomic  weight  of  this  metal  has  been  determined  by 
Berzelius  and  by  Fremy. 

Berzeliug*  analyzed  potassium  osmiehloride,  igniting  it 
in  hydrogen  like  the  corresponding  platinum  salt.  1.3165 
grammes  lost  .3805  of  chlorine,  and  the  residue  consisted  of 
.401  grm.  of  potassium  chloride,  with  .535  grm.  of  osmium. 
Calculating  only  from  the  ratio  between  the  Os  and  the  KCl, 
we  have,  Os  ^  198.494 ;  or,  if  0  =  16,  Os  =  198.951. 

Fremy's  determination  f  is  based  upon  the  composition  of 
osmium  tetroxide.  No  details  as  to  weighings  or  methods 
are  given  ;  barely  the  final  result  is  stated.  This,  if  O  = 
15.9633,  is  Os  =  199.190.    If  0  =  16,  Os  =  199.648. 

Berzelius'  work  is  evidently  entitled  to  preference,  althougli 
neither  determination  is  in  any  sense  equal  to  the  present 
requirements  of  chemical  science.  The  values  given  are 
doubtless  several  units  too  high. 


IRIDIUM. 


The  only  early  determination  of  the  atomic  weight  of 
iridium  was  made  by  Berzelius,t  who  analyzed  potassium 
iridiehloride  by  the  same  method  employed  with  the  plati- 
num and  the  osmium  salts.     The  result  found  from  a  single 

*  Poggend.  Annal.,  13,  530.     1828. 

t  Compl.  Rend.,  19,  468.      Jouru.  fur  Prakl.  Chem.,  33,  410.      1844. 

t  Poggend.  Annal,,  13,  435.      1S28. 
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5  not  far  from  Ir  =  196.7.  This  is  now  known 
to  be  too  high.  I  have  not,  therefore,  thought  it  worth 
while  to  recalculate  Eerzelius'  figures,  but  give  his  estima- 
tion as  it  is  stated  in  Roscoe  and  Schorlemmer's  "  Treatise 
on  Chemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,*  who  had  at 
his  disposal  150  grammes  of  pure  iridium.  From  this  he 
prepared  the  iridichlorideg  of  ammonium  and  potassium, 
(NH^jjIrCij  and  KjIrCle,  which  salts  were  made  the  basis 
of  his  determinations.  The  potassium  salt  was  dried  by 
gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metal- 
lic iridium  was  left  behind  in  white  coherent  laminse.  The 
percentages  of  metal  found  in  seven  estimations  were  as  fol- 
lows: 

43-74= 

43-725 

43-745 

43-739 

43.726 

43-739 

43-705 

Mean,  43-732.  ±  -0035 

The  potassium  salt  was  also  analyzed  by  decomposition 
in  hydrogen  with  special  precautions.  In  the  residue  the 
iridium  and  the  potassium  chloride  were  separated  after  the 
usual  method,  and  both  were  estimated.  Eight  analyses 
gave  the  following  results,  expressed  in  percentages : 


39.881 

30.829 

29.290 

39.890 

30.842 

39.277 

39.868 

30.8.3 

29.300 

39.876 

30-835 

29.289 

39-877 

30,825 

29.2S7 

39-879 

30.8M 

29-310 

39.S82 

30-814 

29- 28s 

39-883 

30.792 

29.288 

Mean,  39.880,   ±  .0015 

30.820.  ± 

.0037 

29-29'.  ±  -0024 

-.  d.  Dcut':ch.  Chem.  Gescll.,  n,  1767, 
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From  these  data  several  values  for  the  atomic  weight  of 
iridium  may  be  calculated  : 

From  per  cent.  Ir  in  (NH,),IrClg Ir  =  192.951,  ±  ,064 

"       Kjltaj... "  —  192.536,  ±  .060 

KClin  "       __ ..  =i93.474,  ±  -III 

CI.  in     "       "  =  192-757,  ±  -148 

General  mean„_ "  —  192.702,  ±  .039 

If  0  =  16,  this  becomes  Ir  =  193.145. 

In  the  potassium  salt,  instead  of  calculating  from  the  per- 
centages directly,  we  may  reckon  upon  the  ratios  between 
Ir  and  CI,,  and  between  Ir  and  2KC1 : 

From  It :  Cl,  ratio__ ___Ir  =  192.626,  +  .081 

"      Ir:  2Ka ratio __ "  =  193.514,  ±  .044 

General niean___ '■  =  192.539,  ±  .039 

Or,  if  0  =  16,  Ir  =  192.982. 

Again,  we  may  combine  this  mean  with  the  value  derived 
from  the  ammonium  iridichloride,  and  so  estimate  the  re- 
lative importance  of  the  latter : 

From  K,IrCl, Ir  =  193.539.  ±  .039 

■■      (NH,),IrCl,_,_._ ^  ,92.951,  ±  .064 

General  mean '-  ^  192.651,  ±  .033 

If  0  =  16,  this  becomes  Ir  =  193.094. 

We  may  assume,  then,  from  all  the  facts  before  us,  that  if 
0  =  16,  the  atomic  weight  of  iridium  varies  from  the  even 
number  193  only  within  the  limits  of  experimental  error. 


PALLADIUM. 

The  atomic  weight  of  palladium  has  been  studied  by  Ber- 
zelius  and  by  Quintus  Icilius.  In  an  early  paper  Berzelius* 
found  that  100  parts  of  the  metal  united  with  28.15  of  sul- 
phur. Hence  Pd  =  113.63,  a  result  which  is  unquestionably 
far  too  high. 
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In  a  later  paper*  Berzelius  published  two  analyses  of 
potassium  palladiochloridc,  KjPdCl,,  The  salt  was  decom- 
posed by  ignition  in  hydrogen,  as  was  the  ease  with  the 
double  chlorides  of  potassium  with  platinum,  osmium,  and 
iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question : 
Fd.  2Ka.  a,. 

32,726  46.044  21.229 

32.655  45.741  21.604 

Mean,  32.690  45.892  21.416 

From  these  percentages,  calculating  directly,  very  dis- 
cordant results  are  obtained : 

From  percentage  of  metal Pd  =^  106.612 

KCl "=104.674 

C!„(loss) "    =110.796 

Obviously,  the  only  way  to  get  satisfactory  figures  is  to 
calculate  I'rom  the  ratio  between  the  Pd  and  2KCi.  Doing 
this,  we  get,  Pd  =  105.737 ;  or,  if  0  =  16,  Pd  =  105.981. 

This  last  value  varies  so  slightly  from  the  even  number 
106  that  the  latter  may  be  safely  used  for  all  purposes  of 
chemical  calculation. 

The  determination  made  by  Quintus  Icilius*  need  be 
given  only  for  the  sake  of  completeness.  He  ignited  potas- 
sium pall  ad  i  chloride  in  hydrogen,  and  found  the  following 
amounts  of  residue.  His  weights  are  here  recalculated  into 
percentages : 

64.708 
64.965 
64.781 

Mean,  64.818 

From  this  mean,  Pd  =  111.879.  Upon  looking  at  the 
values  deduced  from  Berzelius'  figures,  it  will  be  seen  that 

*  Poggenc].  Amial.,  13,  454.      1828. 

-f  "  Die  Atomgewichte  vom  Pd,  K,  CI,  Ag,  C,  unci  H,  nach  der  Mefhode  der 
kleinsten  Quadrate  berechnet."  Inaug.  Diss.  GSttingen,  1847.  Contains  no 
other  original  analyses. 
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the  highest,  110.796,  is  calculated  from  the  chlorine  lost 
upon  igniting  the  palladiochloride.  The  same  kind  of 
error  which  vitiates  that  result  probably  affects  also  these 
data  drawn  from  the  palladiochloride. 


RHODIUM. 


Berzelius*  determined  the  atomic  weight  of  this  metal 
by  the  analysis  of  sodium  and  potassium  rhodioehlorides, 
NajRhCls,  and  KjRhClj.  The  latter  salt  was  dried  by 
heating  in  chlorine.  The  compounds  were  analyzed  by  re- 
duction in  hydrogen,  after  the  usual  manner.  Reduced  to 
percentages  the  analyses  come  out  as  follows  : 

In  Na^RhCl^. 

Rk.  sNaCl.  [.■/„. 

26,95y  45-853  27-'89 

27.22<)  45-30'  27-470 


In  K^RkCl^- 
sKCl. 


From  the  analyses  of  the  sodium  salt  we  get  the  following 
values  for  Rh ; 


These  are  discordant  figures,  and  indicate  some  doubt  as 
to  purity  of  material.  The  last  value  is  fairly  good,  how- 
ever, and  is  confirmed  by  results  from  the  potassium  com- 
pound : 

-PoRgend.  Ann;.!,,  13,435.      '828. 
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From  per  eeiil.  of  metal Rh  ^^  104.054 

KQ "    =104.046 

CI, "    =104.065 

•'     Rh:Clj  ratio ■'    =104.057 

"      Rh  :  KCl  ratio "    =  104.051 

Mean '■  ~  104.055 

If  0  ^  16,  this  becomes  Rh  =  104.285. 


RUTHENIUM. 

The  atomic  weight  of  this  metal  has  been  determined 
only  by  Claus.*  Although  he  employed  several  methods, 
the  only  results  worthy  of  present  notice  come  from  the 
analysis  of  potassium  rutheniochloride,  K^R^^Clj.  The 
salt  was  dried  by  heating  to  200°  in  chlorine  gas,  but  even 
tlie^  retained  a  trace  of  water.  The  percentage  i 
analysis  are  as  follows : 

x„.  2Ka.  c. 

2S.96  40.80  30 

28.48  4'. 39  30 

28.91  4108  30 


Reckoning  directly  from  the  percentages  we  get  the  fol- 
lowing discordant  values  for  Ru : 

From  percentage  of  metal Ru  =;  103. Ol6 


CI3 "    =    96.854 

Obviously,  the  best  result  is  to  be  obtained  from  the  ratio 
between  Ru  and  2KC1.  This  gives  Ru  ^  104.217 ;  or,  if 
0  =  16,  Ru  =  104.457.  But  little  weight  can  be  attached 
to  this  determination. 

*  Journ.  fur  Praia.  Cheni.,  34,  435-      '845, 
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ON  DUMAS'  CORRECTION  AND  PROUT'S  HYPOTHESIS. 

In  the  year  1815  Prout  put  forth  his  famous  hypothesis 
that  the  atomic  weights  of  all  the  elements  were  multiples 
of  that  of  hydrogen.  His  views  were  adopted  by  many 
chemists,  but  opposed  by  others;  among  them  Berzelius 
and  Turner;  and  down  to  the  present  day  "Prout's  Law" 
has  been  the  subject  of  earnest  controversy.  Of  course  the 
fact  was  early  recognized  that  in  its  original  form  the  hy- 
pothesis could  not  stand,  and  accordingly  it  was  modified 
by  Dumas  in  sueh  manner  that  half  and  quarter  multiples 
of  the  atomic  weight  of  hydrogen  were  considered  as  well 
as  the  whole  numbers.  . 

But  of  late  years  Prout's  hypothesis,  even  with  its  elastic 
modification,  has  been  in  disfavor.  Only  a  few  chemists  still 
clung  to  it  as  the  representative  of  a  veritable  law.  The 
researches  of  Stas  were  especially  directed  towards  ascertain- 
ing its  truth  or  falsity ;  and  his  results,  as  well  as  those  ob- 
tained by  Marignac,  were  such  as  to  lead  most  chemists  to 
the  belief  that  it  had  been  forever  overthrown.  The  atomic 
weights  determined  by  Stas  agreed  neither  with  whole,  half, 
nor  quarter  multiples  of  that  of  hydrogen,  and  the  varia- 
tions seemed  to  be  wholly  outside  the  range  of  recognizable 
experimental  errors. 

In  1878,  however,  a  probable  source  of  error  in  some  of 
Stas'  researches  was  pointed  out  by  Dumas.*  Many  of  Stas' 
ratios  had  involved  the  use  of  pure  metallic  silver,  which 
had  been  fused  under  a  cover  of  borax  containing  a  little 
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nitre.  Such  silver  Dumas  heated  to  redness  in  a  Sprengel 
vacuum,  and  found  that  it  gave  up  weighable  quantities  of 
oxygen,  which  had  been  absorbed  by  the  metal  when  in  the 
melted  state.  In  one  experiment  a  kilogramme  of  silver 
gave  82  milligrammes  of  occluded  gas,  and  in  three  other 
cases  226, 140,and  249  milligrammes  respectively  were  found. 
In  other  words,  the  silver  which  had  been  considered  pure 
by  Stas  and  others,  was  really  not  pure,  and  a  correction 
became  necessary  in  nearly  all  series  of  atomic  weight  de- 
terminations. 

The  amount  of  this  correction,  which  I  think  may  here- 
after be  appropriately  designated  as  "Dumas'  correction," 
will  naturally  vary  in  different  cases,  and  in  no  particular 
case  can  we  tell,  without  actual  examination  of  the  silver 
employed,  exactly  how  great  it  should  be.  We  may,  how- 
ever, assume  that  all  the  metallic  silver  heretofore  used  in 
establishing  atomic  weight  ratios  was  subject  to  it;  and, 
reckoning  from  the  largest  error  indicated  in  the  experi- 
ments of  Dumas,  namely,  249  milligrammes  of  oxygen  in 
the  kilogramme  of  metal,  we  may  ascertain  its  tendency 
with  reference  to  Front's  law. 

In  the  chapter  upon  the  atomic  weights  of  silver,  chlorine, 
bromine,  iodine,  potassium,  sodium,  and  sulphur,  twenty 
ratios  are  given,  of  which  nine  are  subject  to  Dumas'  cor- 
rection. Applying  it  as  suggested  above,  we  get  the  follow- 
ing results.  The  values  previously  found  and  given  in  the 
chapter  just  quoted,  we  may  designate  as  uncorrected.  For 
convenience  in  future  reference  I  assume  that  0  =  16: 


Qilorine 35. 


107.896 
35-478 
79978 

126-875 
39-083 


The  result  of  the  correction,  it  will  be  seen,  is  generally 
fevorable  to  Prout's  hypothesis.     Of  the  seven  elements 
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under  consideration,  one  has  its  atomic  weight  unaffected, 
one  is  rendered  less  in  accord  with  the  hypothesis,  and  five 
approximate  more  closely  than  before  to  even  multiples  or 
multiples  half  of  hydrogen. 

In  the  later  chapters  of  this  work  the  efFect  of  Dumas' 
correction  is  generally  less  striking.  One  general  state- 
ment, however,  may  be  made  concerning  it.  "Whenever  the 
atomic  weight  of  a  metal  is  calculated  from  the  ratio  between 
its  haloid  salts  and  metallic  silver,  the  total  efFect  of  Dumas' 
correction,  including  the  above  corrections  for  the  halogens 
themselves,  will  be  to  lower  the  final  result.  This  point  will 
be  further  considered  presently.  Only  chlorine,  bromine, 
and  iodine  have  their  atomic  weights  raised  by  the  correc- 
tion. 

In  view  of  Dumas'  correction  the  question  naturally  arises 
as  to  how  far  other  metals,  used  in  atomic  weight  researches, 
may  occlude  gaseous  impurities.  For  example,  when  the 
atomic  weight  of  oxygen  is  fixed  by  the  synthesis  of  water 
over  copper  oxide,  may  not  the  copper  occlude  appreciable 
quantities  of  the  hydrogen  in  which  it  cools?  If  it  does, 
then  the  apparent  weight  of  metallic  copper  would  be  too 
high,  and  the  atomic  weight  of  oxygen  would  come  out  too 
low.  Such  an  error  might  possibly  account  for  the  differ- 
ence between  16  and  15.9633  in  the  atomic  weight  of  oxygen, 
and  it  would  also  increase  the  atomic  weight  of  copper  as 
determined  by  the  same  process.  At  all  events,  every  metal 
of  which  the  atomic  weight  has  been  determined  by  the  re- 
duction of  its  compounds  in  hydrogen,  ought  to  be  scrupu- 
lously investigated  with  reference  to  the  possible  occlusion 
of  gaseous  impurities.  With  all  of  these  metals  the  effect 
of  such  impurities  would  be  to  render  the  apparent  atomic 
weights  decidedly  too  high. 

Although  every  series  of  atomic  weight  determinations 
must  be  considered  by  itself,  and  weighed  on  its  own  merits, 
it  may  not  be  out  of  place  for  me  just  here  to  point  out  two 
general  sources  of  error  in  addition  to  the  one  we  have  been 
considering.  First,  every  value  after  oxygen,  with  one  or 
two  partial  exceptions,  involves  whatever  error  may  attach 
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to  the  atomic  weight  of  oxygen.     If  the  latter  be  16,  ij 
of  15.9633,  this  error  in  some  instances  becomes  raultiphed 
to  a  large  fraction  of  a  unit,  as  the  subjoined  example  will 
show. 


If  O^.  i6,  tlie  ati 
If  O^'  15.9633, 


0-548 


Other  similar  errors  are  rep.eated  continuall}'.  The  value 
assigned  to  any  element  is  necessarily  affected  by  whatever 
errors  may  attach  to  the  atomic  weights  of  those  other  ele- 
ments through  whose  medium  it  is  compared  with  the 
standard,  hydrogen.  Thus,  the  atomic  weight  of  carbon 
depends  upon  that  of  oxygen ;  calcium  depends  upon  both 
carbon  and  oxygen ;  and  fluorine,  as  determined  from  cal- 
cium fluoride,  involves  the  foregoing  elements,  together  with 
sulphur,  silver,  and  chlorine.  Since,  however,  some  atomic 
weights  'are  affected  by  plus  errors  and  othere  by  minus 
errors,  there  ig  a  fortunate  tendency  to  compensation  of 
errors  in  cases  like  that  of  fluorine,  and,  in  reality,  bettei- 
results  are  obtained  than  considerations  such  as  these  would 
lead  us  to  look  for: 

Another  general  source  of  error  is  to  be  found  in  the  fact 
that  some  of  the  weighings  involved  in  our  discussions  had 
been  reduced  to  absolute  standards,  while  others  were  merely 
uncorrected  weighings  in  air.  The  errors  thus  introduced 
into  the  work  are  doubtless  small,  but  still  they  ought  not  to 
be  absolutely  ignored. 

Now,  having  considered  the  larger  classes  of  errors,  we 
may  properly  pass  on  to  a  comparison  of  our  atomic  weights 
with  reference  to  Front's  hypothesis.  In  order  to  facilitate 
work,  I  have  tabulated  the  figures  in  two  columns,  one 
giving  atomic  weights  referred  to  hydrogen  as  unity,  the 
other  based  upon  the  standard  of  oxygen  as  exactly  sixteen. 
Such  imperfectly  known  elements  as  decipium,  philippium, 
samarium,  terbium,  and  thulium  are  not  included. 
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H=^  I. 

0  =  16. 

Remarics. 

Aluminum 

J7.0O9.    ±  -OOS 

27.075 

Antimony 

I19-9SS.    ±  .036 

120.231 

Cooke's  and  Schneider's  data. 

Arsenic 

74-918,    ±  .cn6 

75.090 

Barium  _ 

136-763.    =t  -031 

137.007 

Bismuth 

207.523,    ±  .082 

From  Schneider's  data. 

iO-94i,    ±  .023 

10:966 

Bromine 

79.768,    ±  -019 

79.951 

ni.g35.    ±.024 

112.092 

Cesium 

"32.583,    ±  -024 

132.918 

Calcium 

39.990.    =h  -010 

40.083 

Carbon 

11.9735,  ±-0028 

'="'"'"— 

140-424,    ±  .017 

140.747 

Buehrig's  data  give  141.523- 
(0=i6,) 

Ciilorine 

35-37'',    ±  -014 

35.451 

Ciiromium 

52.009,    ±  .025 

52.129 

From  Siewert's  data. 

Cobalt 

5S.S87,    ±  .008 

59023 

Columbium 

93812 

94,027 

From  one  ratio  only. 

Copper 

63.173.    ±  ■°" 

63.318 

■44.573.    -t  -03' 

144.906 

Cleve's  data  give  147.021, 
(SO,  =  80.) 

Ebum 

165  8qi 

66    73 

From  Cleve's  data  only. 

Flu      ne 

iS9b4     +   0065 

190  7 

Cllu 

68854 

68903 

Imperfectly  determined. 

Clu    num 

9  08^     -^   00  5 

Nilson  and  Petterison's  data. 

told 

96    55      dz    095 

19    606 

Hyd  Ogen 

I  0023 

Indum 

13  398     -4-   047 

I      69 

Iodine  

'26.557,      ±   -022 

120.84S 

Iridium 

193.651,      zh   .033 

193.094 

Senbert's  daU. 

55.9'3.    ±  .oi^ 

56.042 

138.526,    ±  .030 

138.844 

Lead... 

206-471,    ±  .021 

7.0073,  ±  .007 

7.0335 

23-959.    ±  -005 

24.014 

Marchand  and  Scheerer's  data. 

Manganese-... 

53.906,     ±.012 

54.029 

Schneider  and  Rawack's  data. 

Mercury 

199.712,  ±  .042 

Molybdenum  _. 

95-527.  ±-051 

95.747 

Nickel 

57.928,     ±.022 

58.062 

Schneider,  Sommaraga,  and 
Lee. 

14.0310.  ±  .0035 

14.029 

Osmium.. "irr" 

198.494 

198-951 

Very  doubtful. 

Oxj^n 

15-9633.  ±  ■0035 

Palladium 

105-737 

ioS-981 

30.958.    ±  -ooj 

3<.029 

Platinum 

194.415,  ±  .049 

194-867 

Seubert's  data. 

Potassium 

39.019.     ±  -0'2 

39.109 

Rhodium 

104.055 

104.285 

Rubidium 

85.251,     ±  -018 

85.529 

Ruthenium  __„ 

104.217 

104.457 

Badly  determined. 

Scandium 

43-980,     +  -015 

Selenium 

7«-797.    ±-011 

78:978 
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TABLE  OF  ATOMIC  WEIGHTS— Continued. 


Strontium 
Sulphur  . . 
Tanlalum 


.260        Very  badly  det< 


107.923 
23-051 
87.575 
32.058 
182.562 
128.354 


49.961 
184,032 
239-0^0 
5»-373 
'73158 
90.023 
65.054 
89-573 


If  SO3  ^  8 
Doubtful. 
Axel  Erdm 
Doubtful. 


),Vb.-- 173-016. 


At  the  close  of  his  admirable  paper  on  the  atomic  weight 
of  aluminum  Mallet  makes  substantially  the  following  ar- 
gument in  favor  of  Proiit's  hypothesis.  Citing  the  atomic 
weights  of  eighteen  elements  which  he  considei^  well  deter- 
mined, he  shows  that  ten  of  them  have  values  falling  within 
one-tenth  of  a  unit  of  whole  numbers.  Now,  what  is  the 
mathematical  probability  that  this  close  approximation  to 
conformity  with  Front's  law,  in  ten  cases  out  of  eighteen,  i.s 
purely  accidental,  as  those  chemists  who  reject  the  hypoth- 
esis seem  to  hold  ?  Working  this  problem  out,  Mallet  finds 
the  probability  in  favor  of  mere  coincidence  to  be  in  thw 
ratio  of  1  :  1097.8,  and  hence  he  concludes  that  Front's 
views  are  still  worthy  of  respectful  consideration. 

Applying  Mallet's  reasoning  to  the  table  of  atomic  weights 
now  before  us,  we  find  that  in  the  first  column,  when  H  —  1, 
twenty-five  elements  out  of  sixty-six  have  values  falling 
withinthe  limits  of  one-tenth  of  a  unit  variation  from  whole 
numbers.  But  many  of  the  figures  which  fall  without  this 
limit  involve  the  variation  of  oxygen  multiplied  many  times 
over.  We  must  therefore  study  the  second  column,  which 
assumes  that  the  atomic  weight  of  oxygen  is  exactly  six- 
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teen.  Here  we  have  forty  elements  falling  within  the  limit 
of  variation  assigned  by  Mallet,  and  twenty-six  falling 
without.  The  variations  we  may  properly  study  in  some 
detail. 

Taking  first  the  elements  whose  atomic  weights  vary  from 
even  multiples  of  unity  by  less  than  a  tenth  of  a  unit,  we 
have  to  consider  the  following :  aluminum,  arsenic,  barium, 
bismuth,  boron,  bromine,  cadmium,  c^um,  calcium,  carbon, 
cobalt,  columbium,  didymium,  fluorine,  gallium,  hydrogen, 
iridium,  iron,  lead,  lithium,  magnesium,  manganese,  nickel 
nitrogen,  osmium,  oxygen,  palladium,  phosphorus,  scan- 
dium, selenium,  silver,  sodium,  sulphur,  thorium,  tin,  tita- 
nium, tungsten,  uranium,  yttrium,  and  zinc.  Of  tbi 
aluminum,  arsenic,  barium,  bismuth,  cadmium,  calcii 
carbon,  cobalt,  columbium,  fluorine,  hydrogen,  iridium,  iron, 
lithium,  magnesium,  manganese,  nickel,  nitrogen,  phos- 
phorus, scandium,  sodium,  sulphur,  tungsten,  uranium. 
yttrium,  and  zinc  have  plus  variations,  while  boron,  bro- 
mine, caesium,  didymium,  gallium,  lead,  osmium,  palla- 
dium, selenium,  silver,  thorium,  tin,  and  titanium  fall 
slightly  under  the  units  to  which  they  approximate.  Oxy- 
gen, as  the  standard  of  comparison,  of  course  shows  here 
no  variation,  its  possible  error  having  been  transferred  to 
hydrogen. 

Of  the  foregoing  elements  it  will  be  seen  that  twenty-six 
have  plus  variations  from  whole  numbers,  while  thirteen 
are  minus.  Among  the  latter,  boron,  gallium,  osmium,  pal- 
ladium, thorium,  and  titanium  have  been  but  roughly  deter- 
mined. Bromine,  by  Dumas'  correction,  has  its  variation 
diminished.  In  the  cases  of  lead,  ceesium,  selenium,  and 
tin,  the  cause  of  variation,  supposing  one  to  exist,  remains 
to  be  determined.  The  value  for  osmium  is  undoubtedly 
several  units  too  high,  so  that  its  agreement  with  Prout's 
law  may  be  considered  purely  accidental.  As  for  didym- 
ium, the  figure  assigned  is  the  mean  of  all  determinations; 
whereas  Cleve's  data,  calculated  with  SO3  =  80,  make  Di  ^ 
147.021,  a  variation  which,  like  most  of  the  others,  is  far 
within  the  limits  of  ordinary  experimental  error.     In  the 
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case  of  silver  it  has  already  been  shown  that  Dumas'  cor- 
rection is  unfavorable  to  it  considered  in  its  bearings  upon 
Front's  law.  Silver  is  the  only  element  among  those  having 
minus  variations  which  could  carry  very  much  weight 
against  the  hypothesis. 

Among  the  elements  whose  variations  are  plus,  colum- 
bium,  uranium,  and  yttrium  have  been  poorly  determined. 
Yttrium  especially  may  be  considered  doubtful.  The  atomic 
weights  of  aluminum,  arsenic,  barium,  cadmium,  lithium, 
phosphorus,  and  sodium  involve  Dumas'  correction  to  a 
greater  or  less  extent,  and  will  be  lowered  by  its  application, 
that  is,  brought  nearer  to  whole  numbers.  For  aluminum, 
certain  other  causes  for  variation  were  pointed  out  in  the 
chapter  upon  that  metal ;  and  it  may  be  noted  that  the 
direct  ratio  between  it  and  hydrogen  gives  Al  =  27.998 
±  .007.  Here  the  variation  is  less  than  the  probable  error. 
For  calcium,  and  consequently  for  fluorine  also,  sources  of 
plus  error  were  indicated  in  the  discussion  of  their  respective 
atomic  weights,  and  reiteration  here  is  unnecessary.  Cobalt, 
iridium,  iron,  nickel,  and  tungsten  all  involve  such  errors 
as  may  arise  from  the  possible  occlusion  of  hydrogen  by  the 
metals  after  reduction  from  their  compounds.  For  scan- 
dium, the  atomic  weight,  calculated  with  SO3  =  80,  becomes 
44.032,  a  variation  much  within  the  limits  of  experimental 
error.  For  carbon  and  bismuth  the  variations  are  insignifi- 
cant. In  short,  in  the  majority  of  instances  the  errors  may 
be  diminished  by  corrections  which  are  in  all  probability 
needed,  and  which  can  be  easily  pointed  out.  The  more 
carefully  we  scrutinize  the  data  the  more  probable  Front's 
hypothesis  appears. 

Among  the  twenty-six  elements  whose  atomic  weights  are 
removed  by  more  than  a  tenth  of  a  unit  from  whole  num- 
bers, chlorine,  rubidium,  and  strontium  have  values  nearlv 
half  multiples  of  that  of  hydrogen,  and  in  each  case  Dumas' 
correction  will  make  the  approximation  still  closer.  Erbium, 
gold,  indium,  lanthanum,  rhodium,  ruthenium,  silicon,  and 
zirconium  may  be  dismissed  from  consideration  as  too  im- 
perfectly determined  to  carry  much  weight  in  the  present 
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discussion.  For  chromium,  copper,  molybdenum,  and  vana- 
dium I  have  no  criticisms  to  offer ;  but  the  remaining  ele- 
ments may  be  considered  individually. 

The  value  assigned  to  antimony,  120.231,  is  the  general 
mean  of  Cooke's  and  Schneider's  work  upon  the  bromide, 
iodide,  and  sulphide.  If  Ag  =  108,  Br  =  80,  and  I  =  127, 
Cooke's  data  for  the  bromide  and  iodide  give  the  following 
values  for  Sb,  all  of  which  fall  within  a  tenth  of  a  unit  of 
the  whole  number  120 : 

Early  bromide  series Sb  =;  II9.9OI 

Iodide  series "   =  !tC)-973 

In  the  case  of  cerium,  the  value  assigned  in  the  table  is 
the  general  mean  of  all  reputable  determinations.  But  it  is 
subject  to  doubt  on  account  of  the  facts  observed  by  Wolf 
and  by  Wing,  whose  ceroso-ceric  oxide  was  white,  while 
that  of  all  other  observers  was  yellowish.  Wolf's  and 
Wing's  data,  calculated  with  0  ^  16,  give  Ce  =  138.039. 
Cerium,  then,  is  not  an  established  exception  to  Prout's  law. 

Glueinum  and  ytterbium  have  their  atomic  weights  cal- 
culated from  analyses  of  the  sulphates.  But  if  Prout's  law 
is  true,  SO3  =  80.  Calculated  with  this  figure,  we  have 
Gl  =  9.096  and  Yb  =  173.016.  Both  elements  thus  fall 
within  reasonable  limits  of  variation  from  the  hypothetical 
values. 

Iodine  is  one  of  the  most  important  seeming  exceptions. 
If  we  assume  Ag  =  108,  and  calculate  the  atomic  weight  of 
iodine  only  from  the  direct  ratio  between  iodine  and  silver, 
we  have,  with  Dumas'  correction  applied,  I  =  126.966; 
that  is,  it  comes  within  one-tenth  of  a  unit  of  the  whole 
number  127. 

The  atomic  weight  of  mercury  depends  upon  analyses  of 
the  chloride,  oxide,  and  sulphide.  Of  these  three  com- 
pounds the  purity  of  the  chloride  is  most  easily  assured. 
Calculated  from  its  composition,  with  CI  ^  35.5,  Hg  := 
199.971.  With  so  high  an  atomic  weight  small  errors  are 
easily  multiplied. 
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For  the  atomic  weight  of  platinum  Seubert's  data  give 
five  values,  ranging  both  above  and  below  the  round  number 
195.  Calculated  with  integer  values  for  the  other  elements, 
three  of  these  figures  fell  very  close  to  195,  as  follows : 

From  per  cent.  Pt  in  (NH.jjPtCI, Ft  =^  194.906 

K,PlCI, '■  =194.933 

From  chlorine  estimation  in  KsPtCJs-..  '■  =  I94.955 

Potassium  is  the  most  serious  exception  of  ali.  But  if 
0  =  16  and  Dumas'  correction  be  applied,  the  general  mean 
from  all  the  available  data  becomes  K  —  39.083.  That  is, 
potassium  falls  within  the  limit  of  0.1  variation. 

The  atomic  weight  assigned  to  tantalum  is  the  mean  of 
four  values.  Two  of  these,  recalculated  with  integers,  come 
out  as  follows : 

From  per  cent.  K,SO,  in  K^TaF, Ta  =  181. 912 

TajOj  from  (NHJjTaF, "   =182.020 

For  tellurium  I  need  only  call  attention  to  the  discrepan- 
cies between  the  several  sets  of  determinations  made  by 
Wills.  A  reference  to  the  chapter  on  tellurium  will  show 
that  his  figures  give  results  ranging  from  Te  =  126.07  to 
Te  =  129.34.  The  mean  value  is  therefore  too  much  sub- 
ject to  doubt  to  carry  weight  as  an  exception. 

As  for  thallium,  the  last  case  to  be  considered,  I  have 
already  shown  that  Crookes'  data,  recalculated  with  integer 
values  for  N  and  0,  give  Tl  =  204.008.  That  is,  instead  of 
an  exception,  we  have  here  an  admirable  instance  in  sup- 
port of  Prout's  hypothesis. 

Enough  has  been  said  in  this  brief  resume  to  show  that 
none  of  the  seeming  exceptions  to  Prout's  law  are  inexpli- 
cable. Some  of  them,  indeed,  carefully  investigated,  sup- 
port it  strongly.  In  short,  admitting  half  multiples  as 
legitimate,  it  is  more  probable  that  the  few  apparent  excep- 
tions are  due  to  undetected  constant  errors,  than  that  the 
great  number  of  close  agreements  should  be  merely  acci- 
dental.    I  began  this  recalculation  of  the  atomic  i 
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with  a  strong  prejudice  against  Prout's  hypothesis,  but  the 
facts  as  they  came  before  me  have  forced  me  to  give  it  a 
verj-  respectful  consideration.  All  chemists  must  at  least 
admit  that  the  strife  over  it  is  not  yet  ended,  and  that  its 
opponents  cannot  thus  far  claim  a  perfect  victory. 
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